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ABSTRACT 

During  recent    years,   tr.ere  bas  teen  considerable 
effort  nade   by  various  groups  to    advance   tae   cevelopieLt  of 
autonatisz:  in   industry.     An  excellent  eiargrle  ct    tnis   work 
is  the  "automation"  program  inaugurated  at   the   Ford  ilotcr 
Cc-pany. 

Since   tte   development  of  automatic   taacid.  nes  will 
necessarily  result   in  the  transfer  of  functions   ace.   skills 
free  the    sen  to  the   machine,    it  would   seen  desirable  tc    have 
available   some  method  for  detennining  the    detailed    functions 
perfcnsed  by  the    mn.      This,   then,  is  the   objective   of  this 
thesis: 

Tc  develop  a  method   for  the  ana  lysis   of    human  activity  to 
detemine  the    functions   performed. 

The    steps   followed    in  the   development   cf    the  method 
were: 

(1)  Developnent   of  a  system  cf   classification  of  huaan 
activity, 

(2)  Development  of   a  techniqiB    frr  observing  and   record- 
ing the  basic  data  connected  with   human  activity, 

(3)  Development   of  a  technique  for  analyziE^  the    basic 
data. 

(4)  Development    of    a  :rethod  for   portraying  and  suBaariz- 
ing   the    results, 

(5)  Application  cf   the    net  ijod   in  a  test  case. 
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ABSTRACT 

During  recent    years,   there   has   been  considerable 
effort  made   bj  various  groups  to    advance   the   development   of 
autoEiatism  in   industry.     An  excellent  exeunple  cf    this   work 
is   the  "automation**  program  inaugurated   at    the   Ford  Motor 
Company. 

Since    the   development  of  automatic   machines  will 
necessarily  result   in  the   transfer  of   ftinctions   and    skills 
from  the    man  to   the    machine,    it  would   seem  desirable   to    have 
available   some  method  for  deteim  ining  the    detailed   functions 
performed  by  the    man.      This,   then,   is   the    objective    of  this 
thesis: 

To  develop  a   method   for  the   analysis   of    human  activity  to 
determine  the    functions   performed. 

The    steps   followed    in  the   detelopment   of    the  method 
were: 

(1)  Development   of  a   system  of   classification  of   human 
activity. 

(2)  Development  of   a  technique    fbr  observing   and   record- 
ing the  basic  data  connected  vath    human  activity, 

(3)  Development    of   a   technique   for  analyzing  the    basic 
data. 

(4)  Development    of    a  metiiod  for    portraying  and   summariz- 
ing  the    results. 

(5)  Application  of   the    met  tiod    in  a  test  case. 
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In  developing   the  system  of  classification,    human 
activity  was  first  divided   into  sensory  and    manipulative 
activity.      Sensory   activity  was   flirthsr    divided    into   visual, 
auditory  and  tactile  activity.      A  study  of   the  physiology 
of  each  sensor^^   system  was    then  made   and   a  list   of  basic 
functions   ft)r   that  sensory   system  was   prepared.      Finally, 
these  basic   functions   were  used  to    develop  the    specific 
classifications  of    sensory  activity. 

The   therbligs   developed  by  the    Gilbreths  were  used 
for  the   analysis  of    the  manipulative  activity. 

The  particular    job  chosen   for    the  application  of 
the  method  was  the  manufacture,  by  a  skilled   operator,   of 
a  gear  blank  on  a   Gisholt  #4  Ram  Type  Turret  Lathe. 

The  basic    observable  data  of  human  activity   consists 
of   stimulus   and   corresponding  response.      In  the    application 
of   the   proposed  method   response  activity  was   recorded  direct- 
ly,   using  motion-picture   cameras.      The    stimuli   data  was    then 
reconstructed  from  the   film  record  with   the   aid   of  additional 
detailed    infonnation   concerning  tiie    machine  ai  d  the    particular 
operation  performed. 

Standard  micromotion  analysis   techniques  were   used 
for  the    analysis  of   the    basic  data  with   some  modifications. 

For  the    graphic   portrayal  of  the   results   of  the 
analysis,   a    "Total  Activity  Chart"  was    dev  eloped  wh  ich   is 
essentially  a  classified   listing   of    the  segments   of  activity 
in  conjunction  with  a   time   scale. 
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Summaries   of  the    results  of    the   analysis  were  com- 
piled  including: 

(1)  A  compilation  of    the    frequency   of  occurrence  and 
percent  of    total  time    spent   in  the    performance   of    specific 
classifications  of    activity, 

(2)  A   list  of  functions  performed  which  are  related  to 
the   control    or  action  of    the  machine. 

The   results  cf   the   thesis  are,   first,  the    proposed 
method  of   analysis    and,    second,  an   example  of    its   application. 

Conclusions  drawn  frcm   the    development   of  the  method 
and   its   application   in  a   test  case    aire: 

(1)  The  detailed  functions  performed  by  a  man  in  the 
operation  of  a  machine  can  be  determined  by  applying  the 
method. 

(2)  The    sensory  functions   related   to   the   control  or 
action  of    tJie    machine   can  be    determined, 

(3)  The  frequency  of   occurrence  and   the    percent   of  total 
time    spent   performirg    specific   functions  can   be    determined. 

Recommendations  for  the   further    development  and  im- 
provement  of   the  method    are  given. 


A  PROPOSED  METHOD  FOR  THE  FUNCTIONAL  ANALYSIS 
OF  MAN-MACHINU:  ACTIVITY  TO  AID   IN  THE 
DEVELOPMENT  OF  AUTOMATIC   DEVICES 


INTRODUCTICa^ 

Development  of  Automatism 

Since  the  beginning  of  the  Industrial   Revolution 
industrial   progress    in  the  purely  technical    sense  has  been 
associated  with  the  transfer  of  function  or  skill   from  the 
man  to  the  machine.      In  some   instances   this   process   has   lead 
to  the  ccnplete   elimination  of  some  work  previously  done  by 
man;    for  example,    the   invention  of  spinning  machines   and 
looms  has  almost   completely  eliminated  from  modern  society 
the  work  of  spinning  and  weaving   as  a  manual  skill.      In 
other  instances   this   process  has   lead  merely   to   the   partial 
transfer  of  function   or  skill   from  the  man  to  the  machine; 
an  example   of    this   type    is   the  development  of   the  automatic 
screw  machine   from  the  turret   lathe. 

In  more  recent   times  this   process    of  development  has 
lead   to  the  design  of   complete   industrial  processes   from 
which  the  man  has   been  completely  eliminated,    at  least   so 
far  as   direct   participation   is  concerned.      Many  of  these   ad- 
vances have  cone    in  the  field  of  military  or  naval  equipment. 
Here   the  driving  motives   have  been  time   and  complexity;    either 
the  problems  were   too    complex   to   be   solved  by  the   people   avail- 
able,   or  they  could   not  be   solved   in  the  time  allowed.     Also, 
in   some   cases   the  man's   reaction  time  was  too  long  to   permit 


the   performance  of  some    function  with   the  desired  degree  of 
speed  and   accuracy.      A  prime  example    of   this  type    is  the 
development  of  the  present  system  of  naval  gun  control"^. 
Beginning  with  a   crude  system  of   centralized  control   and 
computing  at   the    turn  of   the  century,   these   ^sterns  have 
developed  until  now  the  tracking   of   targets,   computing, 
aiming,    loading  and  firing  of  the  guns    is   done   entirely 
without  direct  human  participation. 

In  industry,    since  the  same  urgent  driving  motives 
have  not  been  present,    this  development  of  fully  automatic 
processes  has  been  more  gradual.      Since  the  war,    however, 
certain  groups   have   embarked  on  programs   specifically   in- 
tended to   eliminate  as  many  human  functions  as  possible 
from  certain  processes.      An   excellent  example    of  this  work 
in   industry  is  EClklE    (electronic  circuit  manufacturing  equip- 
ment)  developed   by  John  A.   Sargrave ,    a  British  electrical 
engineer    .      This  fully  automatic   equipment  can  produce   three 
radio  circuits  a  minute  which  are  80^  complete.      It  should 
be  noted     that  to  make  this   process   possible   it  was   necessary 
to   completely  redesign  the   product.      Another  excellent  example 
of  this  type  of  work   is   the   "automation"  program  at  the  Ford 
Motor  Company.     Del  S.   Harder,   Ford   Vice-President   of  Produc- 
tion,   has   been  credited  with   originating  this  term  which  has 


"Key  to  the  Automatic  Factory,  the  Computers  that 
Direct  Ouns  Might  Also  Direct  Machines",  Fortune .  40  (Nov. 
1949)  ,    139-142. 

^"The   First  Automatic   Radio  Factory",   Fortune,   38 
(Aug.    1948) ,    90-93. 


been  defined  as   "the    automatic   movement   of  parts   between 
processing   operations   and  synchronizing  such  movement  with 
the   production  rhythm  of  the  machine   line"^.     The  first 
application  of  these  methods   to    a  production  line   including 
machine  tools  was   in   the  production   of   valve  guide    bushings 
at  the  Ford  Highland  Park  Flant^.      In  this   line   the   castings 
are  ground  to  length,    centerless   ground,   drilled,    reamed, 
formed,    grooved,    faced,  bored,    inspected  and  phosphate 
coated,    all  without   being  touched  by  human  hands. 

The  development   of   these  fully   automatic  processes 
is  not  entirely  new  to   industry;   some  segments    of  industry 
employ  automatic   processes  to  a   high  degree.      For   instance, 
processes  used    in  the    chemical   industry  are,    to  a   great 
extent,    fully  automatic.      Also,    the  mass   production  bottling 
and   packaging   industries    have   long  employed  automatic  methods 
of  handling  and  control.      The   intentional  development  of 
automatic  methods  and  processes    throughout    industry  and   par- 
ticularly in   the  metal  working  and   assembling   industries, 
however,    is  a  new  departure. 

Factors  V«hloh   Encourage  Automatism 

Numerous   factors   have   encouraged    this   new  advance   of 
automatism.      In  general,   these   factors  maybe  classified  as 


A.  H.   Allen,    Detroit   editor  of   Steel .    "Automation", 
Steel,    126    (April   3,    1950),    102. 

%evin  L.    Bean,    "Automation   at  the  Highland  Fark 
Plant,   Ford  Motor  Company",   Lrlac hinery ,    55    (June,   1949),    145. 


either  economic   or  technical.      J,  M.    Delfs,   Machinery  Divi- 
sion,  General  Electric  Corp.,   has  clearly  outlined  the 
economic   and   technical  factors  which  are   encouraging  this 
new  development    .      Some   of  the  economic    factors  are: 

(1)  Labor  rates  and  costs   have   increased  rapidly   in 
recent  years. 

(2)  Production  volume  for  most  products   has  greatly  in- 
creased. 

(3)  Manufactured  products  have  become   more  complex. 

(4)  Automatic   controls  have  been   found  to  give  better 
quality  and   thus   lower  cost. 

(5)  Automatic  controls  have  been  found  to    make  more 
effective  use   of  new  cutting   tool  capabilities. 

Some  of   the   technical  factors  are: 

(1)  New  machine    control   systems  have  been   introduced 
such  as:      (a)    program  control,    (b)    tracer  control, 
(c)   photoelectric   line  followers,    (d)   record  play- 
back systems,    (e)    Bullard   "Man-au-trol" ,    (f)    vVarner- 
Swazey  "Electrocycle" ,    (g)   Arma   Corp.    "Arma-matic" , 
etc. 

(2)  New  cutting   tool  materials   have  made   possible  the   use 
of  hi^er  speeds  and  feeds  and   have  thus   reduced  the 
machining  part   of    the  cycle  of  production. 


J.  M.    Delfs,    "Automatic  Control  of   Machine  Tools", 
Tool   Engineer.   27    (Oct.,   19  51),    45. 


(3)  The   science   of  servo-mechanisms  has   been  developed 
to   a  high   degree   of  efficiency  and   this   knowledge 
has    become  more  widely  available  as  an  engineering 
technique. 

(4)  Various   types  of    computing  and  memory   devices   have 
been  developed  to    a   high  degree  of  perfection  and 
the   knowledge   of  their  capabilities   has  become 
widespread. 

(5)  The  technique   of  ^'automation"   has  been  developed 
making  use   of  hoppers,  chutes,    magazines,   belt 
conveyors,    iron  hands,    etc.      These  techniques  have 
been  widely  publicized. 

Proposals   for  Promoting  Automatism 

Various  approaches   to  the   problem  of   promoting    or 
developing  automation  in  industry  have  been  proposed.      Leaver 
and  Brov/n,    tv/c   Canadian  physicists,    claim  that   the    greatest 
obstacle  to  the  advancement   of  autonation   in  industry  is   the 
current  philosophy  of  machine  design  vAiich   designs  the  machine 
in   terms   of  the   product    .      They  propose  a   new   philosophy  of 
machine  design   in  which  the  machines  vould  be   designed   in 
terms  of  the   basic    functions  they  would    be  required  to  per- 
form. 

A  group  of  Harvard   Business   School   students  working 
under  the  leadership  of  John  T.    Diebold  made  a   study  of   the 


E.   W.    Leaver  and  J.   J.   Brown,    "Machines  Without  Men", 


Fortune,   34    (Nov.,    1946),   165. 
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problem  of    increasing  automatism  in  industry  and  of  the 
technology  available   for   the   solution   of  the   problem-^. 
This  group  concluded  that  the  development  of  automatic 
materials   handling   equipment   was  the  most  pressing  problem 
in   the  development  of  automatic   production  processes.      The 
solution   proposed  by  this   group   is  the  use  of  standard  pro- 
duction type  machines   connected   by  automatic  materials 
handling  and  inspection  equipment. 

General   Conclusions 

In  general,   it  may   be  concluded   that   the   develop- 
ment  of  automatism  in  any  segment   of  iMustry  or  the   devel- 
opment of  an  automatic    process   for  the   manufacture  of  a 
particular  product  may  require    the   solution  of    any  or  all 
of  the   following  problems: 

(1)  The    redesign  or   modification  of    the   product   to  make 
it  more   adaptable  to  automatic   manufacture, 

(2)  The  redesign  of   the  basic   process   of  manufacture  to 
make  it  more    adaptable    to   automatic  methods. 

(3)  The    redesign  or  modification  of  machine  tools  to 
adapt   them  to  automatic    loading  and   unloading  and  to 
adapt  them  for  automatic  control. 

(4)  In  soDB    cases   detector  or  receptor  devices   may  re- 
quire development  or  application. 


John  T,   Diebold,    et   al ,    "Making  the  Automatic  Fac- 
tory a  Reality**,   a  Harvard   Business   School   Report, 


(5)  Finally  the  integration  and  regulation  of  all  the 
elements  of  the  process  by  some  control  unit  will 
be  required. 
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OBJECTIVE 
By  definition,   an  automatic   machine   or  process   is 
"self -acting"  or  "self-regulating";    it   is  a  process  which 
acts  or  performs  without  human  control.      Since  the  develop- 
ment  of   automatic  machines  or  processes  will  result  in   the 
transfer  of  functions  and  skills   from  the  man  to  the  machine, 
it  would  seem  natural  and  logical   to  ask  tiie  question:     What 
functions  are   performed   by  the  man  which  are   essential   to 
the  process  and  must,    therefore,   be    incorporated    into  the 
machine   or  automatic  device?     To  answer   this  question  it 
would   seem  desirable   to   have  available  some  technique  or 
method  of  analyzing  human   activity  to   determine  the    func- 
tions being  performed.      This,  then,    is   the  objective  of  this 
investigation: 

To  develop  a  method  for  the   analysis  of  human  activity  to 

determine  the  functions  performed. 

One  of   the  questions   asked   by  the   Harvard  Group   in 
their  study  of  automatism  in  industry  was:      "What   is  the 
function  of  man  in  our  present   manufacturing  processes?" 
In  answering   the   question  this    group   listed  the    following 
broad  functions   performed  by  men  in  industry  today: 

(1)     The   operation  of  production  type  machines. 

(a)  Loads  and   unloads  the   machine. 

(b)  Visually   inspects   each  piece  as  it    is  removed 
from  the  machine. 

"^Ibid. 
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(c)      V/atches   the   machine   to  detect   any  irregular- 
ities  in   its    performance. 

(2)  Operation   of  non-production  type  machines. 

(a)  All   the  functions    listed  above. 

(b)  Moves   the  tool  or  workpiece   to   perform  the 
required  machining   operation, 

(c)  Typically  has  much  greater   control  over  the 
movement  of   the   various  parts  of  the  machine. 

(3)  Paper  work. 

(4)  Materials  handling. 

(5)  Production,   cost   and    quality  control. 

(6)  Inspection. 

(7)  Supervising  semi-automatic   processes. 

(8)  Machine    set-up  work. 

(9)  Maintenance  work. 
(10)      Assembly. 

The   consideration  of  these    functions   in  terms  of    other  ques- 
tions asked   by  the  group   lead  to   several  very  useful   conclu- 
sions, one  of  which  was    previously   cited;    however,    this   list 
would  be   of  very  little  use  to   the  machine   or  process 
designer  actually  faced  with  the   problem  of  designing  an 
automatic   device.      For    this  purpose  a  much  more    detailed 
knowledge  of  the  functions   of  the  existing  man-machine 
combination  would  be   required.      It  should    be  understood, 
then,    that    the   objective  to  be  achieved   by  this    proposed 
analysis  method    is  a  much  more   detailed  determination  of 
the  functions  performed. 
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SCOPE  OF  THE  THESIS 
The   scope   of  the  present   study  has  been  limited   to 
the  development  of   the  method  of  analysis.     The  logical 
steps   in  the    development   of  the  method   are: 

(1)  Development  of  a   system  of  classification   of  human 
activity. 

(2)  Development  of  a  technique  for   observirg  and    record- 
ing the  basic   data   connected  with  human   activity. 

(3)  Development  of  a  technique   for  analyzing  the   basic 
data. 

(4)  Development  of  a  method  for   portraying  and  summariz- 
ing  the  results, 

(5)  Application  of  the   method   in  a  test   case. 

In  practice,    the  application  of  the   method  did  not 
occur  as  a   separate  step,  rather,    it  was  necessarily  an 
integral  part   in  the  development    of  the  method.      This   rela- 
tionship will  be   maintained    in  the  following  discussion. 

Choice   of  Application 

Since  most  of  the  time   spent  on  this    investigation 
was   in   the    development  of  the  method  of  analysis,    it  was 
necessary  to  severely  limit  the  number  and  variety  of  appli- 
cations of  the  method.      For   this   reason,   the    type  of   work  to 
be  analyzed  was  first   limited  to  repetitive  jobs   in  the  metal 
cutting  industry.      Then  a   typical   job   on   a  ram  type   turret 

lathe  was   selected  for  the   application  of  the  method.     The 
particular  job  chosen  was  the  meuaufacture,   by  a  skilled 
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operator,   of  a  gear  blank    on   a  Gisholt  #4  Raun  Type  Turret 
Lathe.      It  was    felt  that   the  performance  of  this  particular 
job  on  this  type   of  machine  would  be    fairly  representative 
of  repetitive   jobs   in  the   metal  cuttii^   industry. 
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PROPOSED   SYSTEM  OF  CLASSIFICATION   OF  HUMAN  ACTIVITY 

Necessity  fbr  a  System  of   Classification 

To  repeat,    the  objective  of  this   investigation  is 
the  development   of  a   method  for    the   analysis  of  human  ac- 
tivity to    determine  the  functions   performed.     Analysis  is 
defined  as  the  separation  of  anything  into  constituent  parts 
or  elements   or  as  an  examination  of  anything  to   distinguish 
its  component  parts  separately  or    in  their  relation  to   the 
whole.     An  analysis  of  human  activity,   therefore,  can  be 
thought  of  as  the    separation   of  human  activity  into   its 
constituent  parts   or  elements.     From  this  definition  it   is 
seen   that  the   first   requirement   for  a  method  of  analysis    is 
a    system  of  classification  of  human  activity  into  detectable 
segments  or  parts.      Furthermore,    since  the    ultimate   objec- 
tive of  the    analysis   is  to  determine  the   function   or  purpose 
performed  by  the  activity,   the    classification  should  be  made 
according   to  the  purpose   or  duty  performed. 

Grouping   into  Sensory  and  Manipulative  Activity 

The  directly  observable  data  concerning   human  activity 
is   of  two  forms:      stimulus   and  response.      In  this    respect   a 
stimulus  may  be  thought  of   as   anyth  ing  which  can  be  detected 
by   an  individual  which  elicits   a  response.      It   is    the    function 
of  the    sensoiy   processes   to  act  as   the   receptors  of  stimuli. 
Associated  with   the  stimulus    is  an  act  of  the  body  or  its 
members    (usually  some   movement)  which  is   termed  the  response. 
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In  performing  work,    the  most   typical  activity  is   the  manipu- 
lation of  objects   or  controls  by  the    hands;   consequently,    in 
this  study,   response  acts  will  be  referred  to  as  manipulative 
activity.      From  these  considerations  two  broad   classifica- 
tions  of  human  activity  may  be    established,    namely: 

(1)  Receptor  or  sensory  activity. 

(2)  Effector  or  manipulative  activity. 

Use  of  Tlierbligs 

In  this  method  the    standard  therblig  classifications 
have  been  used  for  the    analysis  of   the    hand  motions  and 
manipulations   .      Since  most  of  the  manipulative   activity 
occurs   in   conjunction  with  the   therblig  Use .   this    is   not 
entirely  satisfactory;    however,    the   descriptions  given  with 
the  therbligs   overcome  this  difficulty.     In  this   connection, 
only  the  motion  of  the    hand  with  regard   to    the   object  with 
which  it  is    in  contact  is  described;   the    end  function  per- 
formed  by  the  machine   as  a  result  of   this    activity  is 
described  separately. 

Further  Division   of  Sensory  Activity 

Sensory  activity  can  be   further  divided  according  to 
the  sensory  system  \^ich  acts  as  the   receptor  of  the   stimulus. 
For  the   purposes  of  this  study  only  those  sensory  systems 
which  act  as  the    receptors   of  exterior  stimulus  are   of  interest. 


Marvin  E.   Mundel,   Motion  and  Time   Study,    (New  York: 
Prentice-Hall,    1950),   226. 
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The  one  exception  to  this  is  the  kinesthetic  sense,  certain 
functions  of  which  have  been  grouped  with  tactile  functions 
for  the  purpose  of  simplifying  the  analysis.  Thus,  sensory 
activity  may  be   further   sub-divided  according  to: 

(1)  Visual  activity. 

(2)  Auditory  activity. 

(3)  Tactile  activity. 

General  Approach  to  the   Development   of  Specific  Classifi- 
cations 

In  developing  the    specific  classifications  of  activ- 
ity for  each  sensory  system,  the    first  step  has  been  to 
describe  briefly  the  physiology  of  the   particular  sensory 
system.     From  this   description  a  list  of  the  elemental 
functions  or  capabilities   of  the   particular   sensory  system 
has  been  prepared. 

When  examined  it  is  seen  that  these  elemental 
functions  of  a   particular  sensory   system  are   usually  con- 
cerned with  the    elemental   qualities  or  char  act  eristics  of 
objects.      Typically,    however,  the    individual  observes  ob- 
jects not   in   terms  of  their  elemental   qualities   but,   rather, 
as  "total"  objects  vhich   result  from  the  subconscious  com- 
bination of  all  the    elemental    qualities  of  the  object. 
This   is   an  example  of   the  psychological  process  of  percep- 
tion  . 

Floyd  L.   Ruch,   Psychology  and  Life«    (third  edition; 
Chicago:      Scott,   Foresman  and  Company,    1948),   277. 


15 


Also,    by  the    subconscious    perception  of  various  "cues" 
connected  with  the  particular  sensory  processes,   the    indi- 
vidual  is  able  to  determine   the    spatial  relationships   of 
objects.     Finally,   the  response  of  an  individual  to    a 
particular  stimulus  depends  upon  tiie    meaning  associated 
with  that  stimulus.     This   association  of  meaning  with 
stimulus   is  another  example  of    the    process   of   perception   . 
In  the    development  of  the    sensory  functions,    these  concepts 
of  the  perceptive  processes  have   been  used  to  develop  typi- 
cal  functions  which    are  combinations  of   the    elemental 
functions    connected  with  the    sensory  system;   these  will   be 
called   compound  functions*     Also,    these  concepts  have  been 
used  in   the   development  of  specific  classifications   of 
sensory  activity   in   v^ich   the    purpose   performed   is   more 
closely  related  to   the    meanir^g   attached  to  a   particular 
stimulus  than  to    the    fundamental   nature    of  the   stimulus 
itself. 

Since   the   goal  of   this    method  of    analysis   is  prac- 
tical  application,   the   more   common  or  typical  of  these 
"fundamental"  and  "coii5)ound"   functions  have  been  selected 
as  the   "basic"   functions  or  capabilities   of  the   particular 
sensory  system.      These   "basic"   functions    of  the   particular 
sensory  system  are    used  to  develop  the    specific  classifica- 
tions of  sensory  activity.     It  is  essential,   here,    that  the 


J.   R.  Kantor,   Principles   of  Psychology.   I., 
(Bloomington,    Indiana:      The  Principia  Press,    1949),    249, 
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distinction   between   the   functions    or  capabilities   of  a  par- 
ticular sensory   system  and    the   specific  classifications   of 
sensory  activity  be  clearly  understood.      These   specific 
clBissifi  cat  ions  of    sensory    activity  should  be   thought  of 
as  descriptions,    in  terns   of    purpose  performed,    of  detect- 
able segments  of   sensory  activity;   as  such,   they  consist 
of  two   essential    lerts,    namely,   a  description   of   the    sensory 
class    (i.e.,    looking,    listening  or  touching)    and    a  descrip- 
tion  of   the    purpose   or  intent  of  the  activity.      Each  classif- 
ication is  defined  along  with  its  beginning  and    end  points 
and  a  mnemonic  abbreviation  is  assigned.     Where  useful, 
examples   are  given.     A  concise   summary  of   the   classifications 
is  included   in  the  appendix  for    quick  reference. 
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CLASSIFICATION  OF   VISUAL  ACTIVITY 

As  a    background  for  the    development    of  the    classif- 
ications of  visual   activity,  a   brief  description   of  the 
physiology  of  the  eye  and  the   psychological  processes   of 
the    sense   of  sight  will  be   given.      Excellent  expositions  of 
this   naterial  can  be  found  in  amy  standard  encyclopedia^  or 
textbook  of  general    psychology^ '^, 

In  outline,    the  physiology  of  the  visual  sensory 
system  might  be   described   as  follows:      light  impinges  upon 
the   cornea  of  the  eye,    is  transmitted   through  the   pupil  to 
the   lens   by  lAhich  it   is   focused  upon   the  retina  of   the    eye. 
The   retina  is   a  light-sensitive  surface   and   transforms  the 
light  energy   into  nervous   impulses  vAiich    are   transmitted  by 
the   optic   tract   to   the   occipital  lobe   or   visual   area  of  the 
brain  c  ortex. 

The   Eye 

The   important  functional  components   of  the    human   eye 
are    the  pupil,    iris,   lens  and  retina.     The  pupil   is   the  open- 
ing through  which  the  light  passes;   its  size   is    varied  by  the 
reflex  action  of  the    iris   in  response  to    varying  intensities 


"Vision    and  oight".   The  Encyclopedia  Brittanica, 
(1950),    X2XIII,    199. 

2 
Floyd  L.   Ruch,   0£.    cit. ,   239. 

wayland  F.  Vaughan,  General  Psychology,  (revised 
edition;  New  York:   The  Odyssey  Press,  1939),  83, 
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of  light.     The  lens  focuses   the   light   from  the  momentary 
"object   of  attention"   onto  the  retina;    its  curvature   is 
varied  by  reflex  action  fbr    objects  at   different  distances. 

The  Retina 

The   retina  is  by  far  the   most    complex  and   important 
element   of  tiie   eye  and  vdll  be    described   in  mere    detail. 
The    surface   of  the    retina  consists  of  a  multitude    (about 
7,000,000)   of   cones   and  rods,   each  connected  by  nerve  tissue 
to  the  main  optic    tract.      The   arrangement   of   the  cones  and 
rods   is  non-homogenous.      Only  cones  are  found  at  the  center 
of  the  retina    (called  the   fovea  centralis)    and   here  they  are 
packed  very  close   together.      Toward  the  periphery  of  the 
retina  the   cones  become   fewer  and  the    rods  more    numerous, 
until   -  on  the   outermost  periphery   -  there   are   ^ry  few  cones. 
The  c  onnect ions  of  the   cones  and   rods   to   the   optical  fibres 
of  the  optical   nerve  are   also  non-homogenous.     Near  the 
center  of  the  retina,   each  cone   or   rod   is  connected  to    an 
individual  nerve  fibre   of  the   optic  tract.     Further  away 
from  the  fovea  several  rods   (or  cones)  will  be    joined  to  a 
single    optic   nerve  fibre  until  at   the  periphery  of  the 
retina,  as  many  as  200  may  be    joined  together  on  a   single 
"party  line".      Each  cone  or   rod  by  a  chemical  process    (the 
exact  nature  of  which  is    not    known)   serves  as  an  elementary 
"detector"  of  light  energy,.  Light   of   sufficient   intensity 
impinging  on  the    sensory   element  causes   nerve  "pulses"   to  be 
transmitted  to  the  brain  cortex.      Variations   in    intensity  of 
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the  light  cause   the   frequency  of   the  pulses   to   vary  - 
Increased   intensity  causing    increased   frequency.     The  rods 
and  cones   respond  differently  to   light  energy.     Evidence 
indicates   that    the    cones   function   in  some  way   (not   known 
exactly)    as  the    detectors  of   color,  whereas ,    the    rods   can 
detect   only  brightness.     Also,    the  rods   are  more  sensitive 
than  the  codbs  and   thus  are  used   under  conditions  of  dim 
illumination. 

Depth  Perception 

Since  the    retina  is  a   surface,   the    single  eye    is 
capable   of  producing  only  a   two  dimensional  picture;    typi- 
cally,  however,  we   perceive  our  surroundings   in  three 
dimensions.      This  visual   perception  of  depth  or   distance   is 
made  possible  by  various  phenomenon  connected  with  the  sense 
of  light.     The  principal  factors  vAiich  make   possible   the 
visual  perception  of  depth  are: 

(1)  Binocular  retinal  disparity.     Because  of   the  separa- 
tion of  the  eyes,  the   images   produced   on  the   retinas 
by  relatively  near  objects  are    different.     This 
disparity  is  one   factor  in   the  visual  perception  of 
depth. 

(2)  Convergence.      Again,  becaise   of    binocular  separation, 
the  eyes  must  be   directed  to  converge  on  the  stimulus 
object  and  this  provides  another  cue    for    the   percep- 
tion of  depth. 

(3)  Accomodation.      The  accomodation  of  the   eyes  for  ob- 
jects  at  different  distances  affords  another  cue  for 


20 


the  perception  of  depth. 
Secondary  factors  in   depth  perception  are: 

(1)  Distinctness  of    objects   seen  at  a   distance. 

(2)  Lights  and   shadows, 

(3)  Relative   position  of   the   objects, 

(4)  Relative   rates  of    apparent  motion. 

(5)  Relative  size  of  known  objects. 

Directional  Charaot eristics  of   the    Eye 

The  preceding   discussion  has  been  concerned  primarily 
with  the   receptor  properties   of    the   eye;    i,e.,    those  proper- 
ties by  which  the  eye  functions  as  a  receiver  of    visual 
stimuli.      In   order  to  receive  visual  stimuli,    however,   the 
eye  must  be  directed  toward   the  particular   stimuli   object 
and  must  be  accomodated  for  the  reception  of  stimuli  from 
that  object. 

As  previously  discussed,   the    center  of  the   retina, 
the   fovea,   consists   aitirely  of  cones  ^ich  are  closely 
packed   together  and   each  of  which  is  connected  by  an  individ- 
ual nerve  fibre  to  the  occipital   lobe  of   the    brain.     Also, 
the  cones  function   under  bright   (daytime)    illumination  and 
are  believed  to  be   the   detectors  of  color.     Thus  it    is  seen 
than  under   daytime  conditions  of   illumination  the    fovea  is 
the  most  sensitive  area  of    the   retina  and,  consequently, 
for  most   efficient  vision  the    image  of  the    stimulus  object 
must  be  centered  and  focused   on  the   fovea.     This  centering 
action   is  accomplished  by  movements   of  the    eyeball  and   head 
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(the  eyeball  being  essentially  spherical   in   shape  and   capa- 
ble  of  being  rotat^id  around  vertical    aid   lateral  axis). 

A  convenient  term  for  describing  movenBnts   of   the 
eye   is  the  Line  of    Sight    (LOS)  which  will  be    defined   in 
this  study  as   the  line  from  the   center  of    the    pupil  to  the 
point  of  fixation  of  the   eye  when  the   eye   is  vized  on  a 
particular  point. 

Finally,   the   eyelid  may  be    activated  to    cover  the 
eye.      This   occurs   either  during  sleep  or    as  a  reflex  action 
to   protect  the   eye    from  damage   or  to  lubricate  the    cornea 
of  the   eye. 

In  conclusion,    it    is    seen  that   the    functions  of   the 
eye  are  of  a  dual   nature  -  primarily,    as  a  receptor  of 
visual  stimuli   and,    secondarily,   as  a    responder  to    internal 
stimuli   or   nerve  action.     For  a  description  of   the    functional 
activity  of  the    sense   of  sight  to  be   continuous   and  complete 
it    should    include   descriptions  of  both  phases  of  this  activ- 
ity. 

Elemental  Functions   of  Vision 

Based  upon  the  preceding    discussion  of  the    physiol- 
ogy of  the  eye  and   the    subconscious   perception   of  various 
"cues",    the   following  elemental   functions  or  capabilities 
of   the   sense   of   sight  may  be   listed: 

(1)     The  determination  of  the  d  irection  of  an  object 

relative   to  the  body. 


22 


(2)  The  detection  of  the  movement  of  an  object  within 
the   field  of  vision, 

(3)  The  determination  of   the  color  of  light  from  an 
object, 

(4)  The   determination  of  the   form  or  outline  of  an 
object, 

(5)  The   determination  of    the  depth  or   distance  of  an 
object, 

(6)  The   determination  of    the    surface    finish  of  an 
object, 

(7)  The    det em i nation  of  the    intensity  of  light  from 
an  object. 

Compound  Functions  of  Vision 

These   elemental  functions   or  capabilitie  s   of  vision 
are  concerned  with   the   elemental    qualities   or  characteris- 
tics of  objects.      Typically,    however,  v«    perceive   combina- 
tions   of  these  elemental  qualities   as   other  qualities   or 
characteristics   or  as   total  objects;    i.e.,  we  ordinarily 
perceive   "wholes"  and  not   parts.      Thus,   by  combining  certain 
of  these   elemental  functions  of  the    sense  of    sight   other 
functions   or  capabilities  are    obtained  which    are    quite    typi- 
cal and  common  to  the    sense  of  sight.      The  mere  common  of 
these   "compound"  functions  of  the  sense   of  sight   are: 

(1)  The   determination  of   the   shape  of  an   object  -  a 

combination  of  the  perception  of    outline  and  depth. 

(2)  The  determination  of   the    size  of  an    object   -  a  com- 
bination of   shape    (outline  and  depth)   euad  distance. 
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(3)  The    determination  of    the    location  of  an  object   -  a 
combination  of   direction  and  distance. 

(4)  The   determination  of    the  relative  position  of   two 
objects   -  a  combination  of  direction  and  depth. 

Selected  Basic  Functions  of  Vision 

Since   the  goal  of  this   method  is    practical  applica- 
tion,   the  more  common  or    typical  of    these  "elemental"  and 
"compound"  functions  will  be  selected  as  the   "basic"  functions 
of  vision.      Those  selected   are: 

(1)  The   determination  cf    Direction. 

(2)  The  detection  of   llovement. 

(3)  The  determination  cf    Color. 

(4)  The  determination  cf    Distance. 

(5)  The  determination  of  Surface  Finish. 

(6)  "Hie  determination  of  Shape. 

(7)  The  determination  of  Size. 

(8)  The   determination  of  Location. 

(9)  The  determination  of  Position. 
(10)      The  determination  of  Intensity. 

The  relation  between   the   basic    functions  of  the  sense 
of  sight  and    the  basic  stimuli   vAiich   the   system  is  capable  of 
detecting  should  be  understood.     A  stimulus  was  described 
previously  as  anything  in  the   immediate  environment   of   an 
individual  which  can  be   detected  or  determined   and  which 
elicits  a   response.     Within  this   meaning,   then,  the    sense  of 
sight  may  be   considered  capable  of  detecting  those  basic 
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stimuli  underlined  in  the  list  aboTe. 

These   "basic"  functions  of  rision  hare  been  used  as 
a  foundation  for  the   development  of   the    specific  classifica- 
tions  of  visual  activity  which  follow.     The  classes   of 
visual  activity  have  been  divided    into  two  groups,   response 
activities  and   sensory  activities,   corresponding  to    the    dual 
nature  of    the    functions  of   the    sense  of  sight. 

The  Classifications  of  Visual  Activity 
Response  Activity 

(1)  Movement  of   the    Line  of    Sight   (M). 

Consists  of    charging  the    direction  of  the    LOS  of  the  eye 
from  one   object   to  another  object  whose  location  is  known. 

Begins  when  the  LOS  begins  to   shift  from  the   first  object. 

Ends  when  the   LOS  of  the   eye    is   fixed   on  the    second  ob- 
ject. 

(2)  Closed   or  Covered   (CL). 

Consists   of  the   time  during  which    llie  eyelids  are  closed 
or  the   eyes  are  covered   by  sonB    opaque   object   and    thus  the 
reception  of  visual  stimuli   is  not  possible   except  in  the 
gross   sense  -  blind ir^   light,   radical  changes   in  light  in- 
tensity,  etc.     The  purpose   of   this    activity  is    either  to 
protect   the    eye  from  injury  by  foreign  objects   or    intense 
light  or  to  lubricate  the  cornea. 

Begins  when  the    eyelids   begin  to    close  or  when    some  opaque 
object  begins  to  cover  the  eyes. 
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Ends  whan  the   eyelids   begin  to    open  or    when  the  opaque 
object  begins  to   uncover  the  eye. 

Examples:      (a)   Winking  of    the    eye.      (b)   Covering  of  the 
face  with  a  welding  shield, 

(3)      Wander    (W), 

Consists   of    the    characteristic  movanent  of  the    LOS  when 
no  purpose   is   being    performed   by  the  visual  sense    (i.e,, 
no  visual   stimuli  are   the    object  of  attention);  may  include 
the  temporary  fixation  cf    the    LOS  on  an  irrelevent  object 
or  may  consist  of  a   random  motion  of   the    LOS. 

Begins  with  any  random  motion  of  the   LOS  or  the  fixation 
of  the  LOS  on   any  irrelevant   object. 

Ends  when  the  LOS  begins  to   move   to  some  particular 
stimulus   object. 

Sensory  Activity 

(1)      Movement    (MV). 

Consists   of  viewing  a  moving    or   rotating  object   to  deter- 
mine  its   rate    or  direction  of  movenB  nt   or  rotation. 

Begins  when  the  LOS  becomes  fixed   on  a  moving   or  rotating 
object. 

Ends  when  the   LOS  moves  from  the   object  or  when  the  move- 
ment ceases. 

Note:      This  classification  does  not  include  the  viewing 
of  the   short,  slow  movements  connected  with  the    final  posi- 
tioning of  one  object  relative  to  another. 
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(2)  Color   (CR). 

Consists    of  viewing  an  object  to  determine  its   color  or 
Tiewing  several  objects  to  discriminate  between  their  colors. 

Begins  whsn  the   LOS   becomes  fixed    on   a  particular  object 
or  when   the  LOS  begins   to  oscillate    between  several  selected 
objects. 

Ends  when  the   LOS  begins    to  move   to   some   different  object. 

(3)  Surface  Finish   (3F). 

Consists    of  viewing  an   object  to    judge  the    quality  of  its 
surface   finish. 

Begins  when  the  LOS  becomes   fixed   on   a  particular  object 
or  when  the  LOS  begins   to   move  across  the    surface    of  the 
object   in  some    patterned   or  random  way. 

Ends  when   the  LOS  moves  from  the  object. 

(4)  Shape    (SH). 

Consists   of  viewing  an  object   to  determine   its  shape. 

Begins  when  the  LOS  becomes  fixed   on  the    particular  ob- 
ject  or  when  the  LOS  begins  to  move  across  the  object   in 
some   patterned  fashion. 

Ends   when  the  LOS  moves   from  the  object. 

(5)  Size    (SZ). 

Consists   of  viewing  an  object  to   determine  its  size. 

Begins  when  the    LOS  becomes  fixed   on   the   particular   object 
or  when  the  LOS  begins  to  move  across   the   object   in   some 
patterned  manner. 

Ends  v/hen  the   LOS  moves  from  the    object. 
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(6)  Location    (L). 

Consists   of  viewing  an  object   to  determine  its  direction 
and/for  distance   from  the   body. 

Begins  when  the  LOS  becomes  fixed   on  the  particular  ob- 
ject. 

Ends  when  the  LOS  begins  to   move   from  the   object. 

Examples:      (a)   Looking  at  an  object   toward   vhich  the 
hand   is  moving    or  which  the    heuid   is  grasping.      (b)   Looking 
at  "reference"  points  while  walking. 

(7)  Position   (F). 

Consists   of  viewing  an  object   to  determine  its   position 
relative  to  another  object. 

Begins  when  the  LOS  becomes  fixed  on  the  "central"  object 
in  the  situation  or  when  the  LOS  begins  to  alternate  rapidly 
from  one  object   to  the    other  in  the    situation. 

Ends  when  tiie  LOS  begins  to  move  finally  away  from  one  or 
the  other  objects. 

Examples:      (a)   Looking  at   a  pointer  on  a  scale   to  deter- 
mine  its  position   relative  to    the   scale  either    for  information 
or  to    control  the   final  positioning  cf    the   pointer. 

(8)  Intensity   (IT). 

Consists   of   viewing  an  object  to  determine  the    intensity 
of  the  light   from  the   object. 

Begins  when  the  LOS  becomes  fixed   on  the   particular  object. 

Ends  when  the  LOS  moves   from  the   object  or  when  the    inten- 
sity has  been  determined. 
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(9)      Search    (S). 

Consists   of  the    movement  of    the   LOS   of  the    eye  to  deter- 
mine  the  presence   and/or   location   of  a   particular  object 
whose  precise  location  is  not    known. 

Begins  when  the   LOS  begins  to   move    from  the    first   stim- 
ulus object. 

Ends  when  the  LOS  is   fixed   on  the    second    stimulus  object, 

(10)  Identity    (ID). 

Consists  of  viewing  an  object  to  determine   its   identity. 

Begins  when  the  LOS  becomes   fixed  on  the    particular  ob- 
ject,   or,    if   the    object   is    large,   when  the  LOS  begins   to 
move  over  the   object  in  some   patterned  way. 

Ends  when  positive   or  negative   identification  is  completed 
and  may  or  may  not   consist   of  a  movement  of   the  LOS  from  the 
object. 

(11)  Termination  (T). 

Consists  of  viewing  an    object  or  exterior  activity     to 
detect   terminal  signals  or  conditions,    i.e.,   signals   or 
conditions  Wiich   indicate  the    initiation  or  termination  of 
that  activity  or  seme  related   activity. 

Begins  when   the  LOS  becone  s  fixed   on  the    object   or  activ- 
ity which  is  the  source  of  the   signal. 

Ends  when   the    signal  is    received   cr  when  the  LOS  moves 
from  the  object   or  activity. 

Examples:      (a)      Looking  at  a  traffic  signal  to  detect  a 

€ 

change   in   the    signal. 

^Note:     Aa  used  here  an  "exterior  activity"  means   some 
activity  with  which  the    hands  are  not  in  direct   contact. 
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(12)  Monitor   (MR). 

Consists  of  ▼iewing  an  autcmatic  or  uncontrolled  actirity 
to  detect  any  abnormal,  unusual  or  undesirable  conditions  of 
the  actiTity, 

Begins  when  the  LOS  becomes  fixed  on  the    particular  actiy- 
ity. 

Ends  when  the  LOS  moYes  from  the   actiTity  or  when  some 
abnormal  or   unusual   condition  requiring  response  is   detected. 

Examples:      (a)   Watching  the    cutting  action  of  a   turret 
lathe  when  the   lathe   is   operating   in   power   feed.      (b)  Watch- 
ing the  cutting  action  of  an  automatic  screw  machine. 

(13)  Control   (C). 

Consists  of   viewing  a  controlled,   exterior  actiTity^  to 
determine  its  momentary  condition  or    progress. 

Begins  when  the  LOS  becomes  fixed   on  the    particular   actiT- 
ity. 

Ends  when  the  LOS  moTes   from  the    particular  activity  or 
the   activity  ceases. 

Examples:      (a)   Watching  the    cutting   action  on  a   turret 
lathe  when  the   hand  is    controlling   the  feed  of  the   tool. 

(14)  Ready   (R). 

Consists   of   viewing  letters,  words  and/or  numerals  to 
determine  their  meaning. 

Begins  when  the   LOS  becomes  fixed  on  or  moves   in  a  patterned 
manner  across  the  letters,  words   and/or  numerals. 

Note:     As  used  here   an  "exterior  activity"  means    some  activ- 
ity with   Wilch  the    hands   are   not    in  direct   contact. 
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Ends  when  the  LOS  moves  from  the    letters,   words  and/or 
numerals. 

(15)  Mathematlon   (MM). 

Consists   of    viewing    some  mathematical   array  to  determine 
its   end   or  resultant  meaning. 

Begins  when  the   LOS  becomes  fixed  on  the  nathematical 
display  or  begins  to  move   in  a    patterned  way   across  the 
mathematical  display. 

Ends  when  the  LOS  moves  from  the   display  or  when  the 
corresponding  response   is  completed. 

Examples:      (a)    The    activity  of   the  eye   while  adding 
columns  of  figures,      (b)    The   visual  activity  connected  with 
the  multiplication  of  numbers. 

( 16 )  Count    (CT). 

Consists  of  viewing  several   objects   to    determine    their 
total  number. 

Begins  when  the  LOS  begins  to  move    from  object    to   object 
in  some  patterned  way. 

Ends  whan  the  LOS  moves  from  the   objects   or  when    the    total 
has  been  determined. 
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CLASSIFICATION  OF  AUDITORY  ACTIVITY 

Aa   a  basis   for  the    classification  of  auditory  actir- 

ity  a   brief  description  will  be    gLren  of    the  physiology  of 

1  2 
the  components   of  the  ear   *    ,      The  ear,   the    sensory  organ  of 

hearing,  consists  of  fire  main   parts:     the  outer  ear,    the 
middle    ear,   the   inner  ear,  the  organ  of  Corti   and  the  audi- 
tory tract   to   the  brain.      The   operation  of  the  auditory 
sensoiy   system  may  be   described  briefly  as   follows:      sound 
waTes  are  receiTed  by  the    outer  ear,    transmitted  by  the 
middle    ear  to    the    inner   ear  vtiere    the    sound  energy  is  trans- 
formed   by   the    organ  of  Corti   (the  auditory  detector  organ) 
into  nerTe    impulses  vuhjch    ere    then  transmitted  to    the   audi- 
tory centers  of    the   brain. 

The   Ear 

The    Tisible   portion  of    the   ear  consists  of    the  ex- 
panded flap  called  the   auricle  and  the  meatus,  the    tube  which 
terminates   in  the  eardrum.      The    airicle  serres  no  auditory 
purpose   since   its  dimaaaions   are    too  snail   ii   relation  to 
the  wave-lengths  of  sound  to  effect   the  direction  of   the 
wares. 

The  middle    ear   is   an  irregularly  shaped,    air  filled 
carity   in  the   temporal  bone    in  which    is   suspended,   by  the 


XI,   £97. 
2 


"Hearing",  The   Encyclopedia  Brittanica.    (1950), 


Floyd   L.    Ruch,   op.  c  it.  ,    262, 
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tympanic  muscles,   the    auditoiy   ossicles  vdiich  is  essentially 
a  mechanical    connection  between  the  eardrum  aril   the   oYal 
window  of  the   inner  ear. 

The  inner  ear  is  a  complex  space  in  the  temporal  bone 
and  is  divided  into  two  primary  functional  parts;  first,  the 
vestibule  and  saaiicircular  canals  which  perform  functions  in 
connection  with  bodily  equilibrium  of  the  organism  and,  sec- 
ond, the  cochlea  which  contains  the  auditory  sensory  appara- 
tus. 

The  Cochlea 


The  cochlea   is    a  spiral   shaped  space  divided   into  two 
main  parts,   the  vestibular  and  tympanic   canals  which  are 
joined  at    tiie    end  of    the    spiral.      The  basilar  end  of  the 
vestibular  canal   is  separated   from  the  middle  ear   by  the 
oval  window  to  which  is  attached  the    stapes,   a  link   in  the 
auditory   ossicles.      The   basilar  end  of  the  tympanic   canal  is 
separated  from  the  middle  ear  by   aaother  membrane,    the   round 
window.      The   partition  between  the  vestibular  canal  and  the 
tympanic   canal  is  made    up,   in  part,   by  a  membrane  called  the 
basilar  membrane  upon  vhich  lies  a  complex  structure,    the 
oiigan  of  Corti,    in  vihich  the    auditory  receptor   cells,    the 
hair  cells,    are   imbedded.      Another  membrane,    called  Reissner's 
membrane,   separates  the   organ  of  Corti  from  the  vestibular 
canal.      This  space   is  filled  with    another  fluid  called  endo- 
lymph.      Each  hair  cell   is  connected  to    an   individual  nerve 
fibre   forming  pert  of  the   auditory   tract  to  the   brain.      Vi- 
brations of  the  foot   plate   at    the  end  of   the  stapes   cause 
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pressure  variations   (and   consequent  motion)    in  tii  e  fluids 
in  the   cochlea  vtiioh    are  detected  by  the    hair  cells  and 
transformed   into   nerve   pulses  which    are   ti»n  transmitted   to 
the   brain. 

Theories   of  Hearing 

The   action  of   the   organ  of   Corti  is    not    precisely- 
known  particularly  as  concerns  the   detection  of    the   pitch 
variations  of   sound.      Several  theories  have    been  advanced 
to  explain  this    phenomenon.      One   of   the  earliest  and   most 
popular   theories,    known  as  the    resonance   theory,    is  based 
upon  the    idea   that   the    cochlea  contains  a   series   of  resona- 
tors which  by  their   physical  characteristics   respond  only 
to  discrete  frequencies   of  sound.     Another    theory,    the    fre- 
quency theory,    is  based   on  the    idea   that   the    pressure  waves 
are   converted   directly   into   nerve   pulses   of  corresponding 
frequency  which   are  then    transmitted  to   the   brain.      Both  of 
these   theories  have   serious   limitations  and   a  later  theory  - 
the  resonance-volley   theory  -    incorporates   principles  of 
both  the    earlier  theories    in  an   effort  to  overcome  these 
difficulties.     The  exact  nature    of  the    hearing  process, 
however,    is   not    known. 

Sound 

Physically,  sound  is    a  wave   propogation  of  energy   in 

the  form  of  pressure  and  density  variations    in  the  media  of 

transmission.      As   such,    its  essential  character  is  determined 
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in  terms   of  the   frequency,    intensity  and    form  of  the  wave 
motion.      These  physical   properties  of    sound   correspond  to 
the  psychological   phenomenon  of  pitch,    loudness  and   timbre. 
Pitch  and  loudness  are  characteristics   of  the  simplest 
sounds    (pure   tones).      Timbre,    on  the    other   hand,    is   a  func- 
tion of  the  complex  combination   of  these  two  fundamental 
qualities,    since   it  depends  upon  the  number  and    intensity 
of  the    various   overtones   in  the   sound.     The    exact  nature   of 
auditory  detection  is  not    known;   however,    it  may  be  assumed 
from  the  above  discussion  that   the    simplest  aai   most   elemen- 
tal  function  performed   by  the   ear  or  the  sense   of  hearing 
is    the   determination  of  pitch  and    loudness. 

Binaural   Phenomenon 

The  determination   of  the   direction  of  sounds  by 
hearing   alone   is  generally  inaccurate.      In  addition   to  the 
inherent   limitations  of   the   sense  of  hearing   fbr   this  pur- 
pose,   the   very  nature  of  the  propagation  of  sound   limits   the 
accuracy  of  determinationi   i.e.,    sound  waves  will  bend  around 
corners   and   reflect   off  of  surfaces   so   that  the    true  direc- 
tion of  the  source  cannot  be    determined   from  the    terminal 
direction  of  the  sound   at   the    ear.      The   determination  of  the 
direction  of  a  sound  is  made  possible  by  the  subconscious 
perception  of  four  types  of  binaural  differences,   namely, 
the  relative   intensity,   time   of  incidence,    phase  and  complex- 
ity.     The   action  of  these    various  cues    is   dependent   upon  the 
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frequency  and   timbre   of  the   sounds.      These  factors  will   not 
be  discussed   here    except  to   note    that  high  tones   are  local- 
ized with  difficulty,    low  tones   more  readily  and   noise  with 
comparative    ease.      Positions  up  and  down  or  ahead  and  behind 
are  not  distinguished   by  binaural  cues. 

From  this  discussion  of    the    physiology  of  the   ear 
and  the    subconscious   perception  cf    various   "cues"   connected 
with  the   auditory  system,   the    following  basic   functions   or 
capabilities    of  audition  may  be   listed: 

(1)      The   determination  of  thB    Fitch  of  a  periodic  sound 
(tone ) . 

(£)     The  determination  of  the  Loudness    (or  intensity)    of 
a  sound. 

(3)  The  determination  of    the   Timbre  of  a   sound    (including 
the  detection  of  noise), 

(4)  The  determination  of  the   Direction  of  a  sound. 

(5)  The  detection  of  the   l/iovanent  of  the    source   of  a 
sound, 

(6)  The  gross  determination   of  ihe   Distance   to  a  source 
of   sound. 
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The   Classifications   of  Auditory  Activity 

(1)  Loudness    (LP) 

Consists  of  listening   to  a    sound  to    determine  its   loud- 
ness. 

Begins  viith  the  reception  and/or  attention  to  the  sound, 
•fiends  when  the   reception  or  attention  to   the   sound  ceases 
or  its   loudness   has    been  determined, 

(2)  Fitch   (PC) 

Consists   of  listening  to  a   single    tone  or    several   tones 
simultaneously  to  determine   their  pitch. 

Begins  with  the    reception  and/or  attention  to  one   or  more 
tones. 

Ends  when  the  reception  or  attention  ceases  or  when  the 
pitch  has  been  determined. 

(3)  Timbre    (TB) 

Consists  of  listening  to   one    or   mare    tones  to  determine 
their   timbre  either   separately  a*    together. 

Begins  with  the    reception  and/or  attention  to   one    or  more 
to  nes . 

Ends  when  the   reception  or  attention  ceases   cr    the  timbre 
has  been  determined. 

(4)  Location    (L) 

Consists  of   listening  to   a   sound  to   determine   its  direction 
of   incidence  and/or  estimate  the   distance   to    its  source. 

Begins  with  ttie    reception  and /or  attention  to    the  sound. 

Ends  when  the    reception  or  attention  ceases  cr    when  the 
direction  of  incidence  of  the   sound  and/or  the   distance  to 
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the  source   have  been  determined. 

(5)  Movement    (MV) 

Consists  of  listening  to  a   sound  to   detect  and/or  deter- 
mine  the  direction  of  any  movement   of   tiie    souirce   of  the 
sound. 

Begins  with    the   reception  and/or  attention  to  a  sound. 

Ends  when  the    reception  or  attention  ceases  or    the  move- 
ment has  been  determined. 

(6)  Identity    (ID) 

Consists  of  listening  to  a  sound  to  determine  the  iden- 
tity of  the    sound  and/or  its   source. 

Begins  with  the    reception  and/or  attention  to   the   sound. 

Ends  vyhen  the  reception  or  attention  ceases  or  when  the 
sound  has  been  identified, 

(7)  Search   (3) 

Consists  of    listening   to  or  for   a    particular   sound   to 
detect    its  presence  and    determine    the    location  of    its  source. 
,    Begins  with    tiie   attention  to    or  for   the   particular  sound. 

Ends  when   the  attention  ceases  or  the    presence   of    the   sound 
is  detected  and   the    location  of  the   source   is   determined, 

(8)  Termination   (T) 

Consists  of  listening  to    or   for   a   particular   sound  to 
detect   the  initiation  or  teiaination  of  some  activity  con- 
nected with    the   particular  oound. 

Begins  with  the  attention  fbr    or  to    the    particular  sound. 

Ends  with  the    reception  or   cessation  cf    the    sound. 
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(9)      Monitor   (MR) 

Consists    of    listening  to    the    sounds   from   an   autoiaatio   ac- 
tivity to  detect  any  abncrmal,   unusual  or    undesirable  con- 
ditions  of   the    activity. 

Begins  with    the   reception  and/or  attention  to    sounds   from 
the  activity. 

Ends  when  the   reception  or  attention  ceases  or    when  some 
abnormal   or  unusual  condition  is   detected, 

(10)  Control    (C) 

Consists   of   listening  to  the    sound  from  a  controlled  ac- 
tivity to  determiiB    its  momentary  condition  ani/or  progress. 

Begins   with  the  reception   aid/or  attention  to    the   sound 
from  the  activity. 

Ends  v^en   the    reception  or   attention  ceases. 

(11)  Speech    (SP) 

Consists  of    listening  to  speech  to    detenu  ine    the  meaning 
implied. 

Begins  with  the   reception  and /or  attention  Id    speech. 
Ends  when  the    reception  or  attention  ceases. 
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CLASSIFICATION   OF   TACTILE  ACTIVITY 

Sensory  Systems  of  the  Skin 

In  developing  the    classifications  of    tactile  activ- 
ity,   the  sensory  system  of  the    skin  will  first  be  dis- 

12    3 
cussed    '    »    .     The    surface  of   the    skin  contains    several 

kinds   of  sensory  nerve  endings   which  act   as  the  receptors 

for   a  variety  of   stimuli.      The    structure    of   these   aid-organs 

varies  considerably  and    the    exact  nature    of  the    process  by 

which  they  transform  stimuli   into  nerve    pulses  is   not   known. 

The    three   fundamental   types   of   touch  sensation  are  pressure, 

tenperature    (hot    and    cold)   and  pain.      The  pain  sensations 

are  not    of  interest  in   this    study  and    will  not   be  discussed. 

Distribution   of  Sensitivity 

The  distribution  of   the   sensory  end-organs   over  the 
surface   of  the    skin  is    not    uniform.     When    the    surface  of 
the   skin   is  explored  with  very   fine   stimuli,    it  is   found 
that  sensitivity  to   stimulation  is    limited  to    certain  very 
small  areas.      These   "spots"  are    distinct   for   each  kind  of 
stimulus   30  that  there  are    separate   spots   fbr   pressure,   heat, 
cold  and  pain.      The   sensitivity  of  a  given   region  of  the 


"Skin,   Sensory  Functions  of",    The  Sncyclopedia 
Britannica,    (1950),   XX,    750. 
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Tufts  College   Institute    for  Applied  Experimental 

Psychology,   Handbook  of  Human  En  gin  e  e  ring   Data,    (second 
edition).   Part  V. 


^Floyd  L.  Ruch,  op.  clt .  ,  268. 
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skin  depends  upon  the  density  of  distribution  of   these 
spots.      Generedly  the   distribution   of  these  stimulus  spots 
varies   together  for  all   four   senses;    however,   there   are 
exceptions  -   for   one,   the   finger  tips,  which  are  highly- 
sensitive  to  pressure    but   relatively  insensitive   to  pain. 
This   distribution  of  the    sensory  system  makes  possible  the 
detection   of  the    location  of  a  particular    touch  stimulus 
on  the   skin  surface   and  the  rough  determination  of    the  area 
of  contact  of  the    object  with  the  skin.     iSince  this  function 
or  capability  of   localization  and  determination  of   area  is 
so  closely  associated  with  the    stimulus   itself,  this  func- 
tion will   not   be  distinguished   separately   in  the    following 
discussion. 

Pressure    Sense 

The  sensation  of  pressure    is    experienced  when  em 
object   contacts    the  skin  and    produces  a  displacement  or 
movement  of    the    sensory  end-organs  .     When    the    object    is 
vibrating  the  sensation  of   vibration   is  experienced.     Thus, 
the   pressure  sensory   system   is  capable    of  detectir^  static 
or  moving  contact  and   vibrations  of   an  object    in  contact 
with  the    skin.      In  this    study,   fcr    convenience,   static   con- 
tact will  be    termed   simply   "contact"  and    moving   contact  will 
be   termed   "slip".      The    pressure   sense    is   subject  to  fatigue 
and    adaption  effects    and,    consequently,   the   pressure    sensa- 
tion  of  a   static  contact   will  cease  after  a   certain   time. 
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Thermal  Sense 

The  sensation  of  temperature   is  of  two  kinds;    first, 
the  sensation  of  wannth  and,   second,    tte   sensation  of   cold. 
Corresponding  to  these   two    kinds  of   sensation  the    skin  has 
two  separate  receptor  systems   -   cold  ^  ots   €md  warm  spots. 
The   stimulus  for  these  receptor  organs   is  the    transfer  of 
heat  to  or    from  the    surface   of   the   skin.      The   stimulus  for 
the   warm  spots  is    the    transfer  of   heat  to  the    skin  while 
that   for  the   cold  spots  is  the    transfer  of   heat   from  the 
skin.      Objects  which    are  at   the    same    temperature  as   the  skin 
do  not  stimulate   the   sensation  c€    temperature.     Adaption  of 
tlie  thermal  sensory  system  occurs  after  continuous   exposure 
to  s  ome  temperature    stimulus;    i.e.,   the    "thermal  zero  point** 
or   "point  of  indifference"   varies  with  continued  exposure. 
Thus,  the   thermal  sensory    ^stem  is  capable  of  detecting 
the  transfer   of   heat  to   or  from  the  skin  cr   the    difference 
in  temperature  between  the   skin  and  objects   in  cent  act  with 
the   skin.     This    capability  cr   function  will  be  referred  to 
here   as   the    detection   of  temperature. 

Basic  Tactile  Functions 

From  the    preceding  discussion  of  the   tactile  sensory 
systems,   the    following  basic   functions  may  be   listed: 

(1)  The  detection  of    the    contact   of  an   object  with  the 
skin, 

(2)  The  detection  of    slip  of  an  object   in  contact  with 
the  skin. 
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(3)  The  detection   of  vibration  of  an   object   in   contact 
with  the  3kin, 

(4)  The  detection  of  the  tempera  tore   of  an   object  rela- 
tive to   the    temperature    of    the   skin, 

Kinesthesis -^ » ^ 

The    discussion  of   the  sensory   systems    to  this  point 
has  been  concerned  with   the    exterioceptors .   i.e.,    the  sensory 
organs   ^ich  act  as  the   receptors  of   external  stimuli.     There 
is  another  group  of  sensory  systems  called   proprioceptors 
which  consist  of   receptors  which    react  to  internal  stimuli. 
Proprioception,    in   turn,   is  subdivided  into   two   parts  - 
kinesthesis.  which  is  concerned  with  the  movements  and  posi- 
tion of  the    body   members  and    equilibrium  which  is    concerned 
with  the   orientation   of  the    body    in  space.      Of  the    two,   only 
kinesths  sis   is   of  interest  here. 

The  receptcrs  of   the   kinesthetic  sense  are   nerve 
cells  located    in  the    muscles,    tendons  and    joints  of  the   body. 
When   the    body   members  move    these  receptors  are    stimulated   by 
stretch  and    pressure  and  produce  the    kinesthetic  sensations 
of  movement   and    position  of  the    body  moubers  and,    also,    the 
force  applied  by  the   body  members.     V/hen  associated  with  some 

Handbook  of  HuLian  Engineering  Data,   op.    cit. 
^Floyd  L.   Ruch,   0£.   cit.,    272. 


43 


particular   external  object   or  activity,   these  kinesthetic 
sensations  provide  information  concerning  external   objects 
or   conditions.      Thus,  through   the   perception  of  kinesthetic 
sensations  the   Ibllowing   functions  may  be    performed: 

(1)  The    determination  of   the   location  of   objects   in 
contact  with  the    body  extremities. 

(2)  The  detection  of  the   movement   of  objects   in  static 
contact  with  the    body  extremities. 

(3)  The  determination  of  the    fbrce   of  reaction  of  an 
object   in  contact  vdth    some  body    extremity  to  the  force 
applied. 

(4)  The   determination  of    the  weight  of  an  object  held 
by  the  hand. 

In  order  to    simplify  the    analysis  technique  and  the 
portrayal  of  the   final    results,   these  kinesthetic  functions 
have  been  grouped  with  the  touch  functions   in  the    develop- 
ment of  specific  classifications  of  **tactile"  activity. 
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The   Classifications  of  Tactile  Activity 

(1)  Vibration   (V) 

Consists   of  touching  an  object  to  detect   Ihe   presence 
and/ or  deternlne   the   character  of  the   vibrations    of  the 
object. 

Begins  vrlth   cent  act   and/or  attention  to  the  character 
of  the  vibrations. 

Ends  Wie  n  contact   or  attention  ceases  or   when  the    charac- 
ter of  the   vibration  has   been  determined. 

(2)  Teiig>erature    (TR) 

Consists   of   touchir^  an  object  ^th   the  hand    or  fingers 
to  determine   Its  te  nperature  relative   to  the  hand. 

Begins  with  contact  and/or  attention  to  the    temperature 
of   the  object. 

Ends  when  contact  ceases  or   when  the  ^temperature  has 
been  determined. 

Note:     This  may  include  placing  the    hand   in  close  proxim- 
ity to  an  object  for   this  purpose. 

(3)  Location    (L) 

Consists   of  touching  an  object   to   detemine  its  direction 
and/or  distance  from  the  body. 

Begins  with  contact  with  the    object. 

Ends  when  contact  ceases  cr    the    location   has  been  deter- 
mined. 

(4)  Weight    (WT) 

Consists    of  holding  an  object    in  suspension  with  the   hand 
to  determine  Its  weight* 
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Begins  when  the   body   becomes   suspended. 
Ends  when  the    suspension  ceases  or    the   weight   has  been 
determined. 

(5)  Grasp  Control    (GC) 

Consists  of   deta:mining  the   touch  stLinuli    (such  as  slip, 
contact,    force)    from  an   object  which   the   hand   is  grasping, 
holding  or  using  to  gain  and/or  maintain  effective  control 
over  t  he    object. 

Begins    when  the    hand  begins  to    grasp  a  particular    object. 

Ends  when  the  hand    ceases  to   touch   the    object. 

Note:     This    activity  may  occur  simultaneously  with  other 
tactile  activity. 

(6)  Surface  Finish    (SF) 

Consists   of  touching   a  surface  by  randan    or  patterned 
motions  of  the  hand  or   fingers  to   deta'mine   the    quality 
(roughness   or  smoothness)    of  the    surface  finish. 

Begins  when  the    hand  touches  the    surface. 

Ends  when  contact   or  motion  of    the   hand  or  fingers  ceases 
or  the  quality  has  been  deteimined. 

(7)  Position    (F) 

Consists   of   touching   an  object   to    determine  its  position 
relative  to  another  object.     May  consist  of  touching  the 
two  objects  simultaneously  with   one   or  both    hands  or  detect- 
ing the   Ibrce  of  reaction  against  the   hand  when   the   two  ob- 
jects are   in  contact. 

Begins  when  the    hand  or  hands   touch  the   objects. 
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Ends  v»tie n  con  tact   ceases   a*  when  the    final  position  of 
the   objects  has  been  established, 

(8)  Shape    (ai) 

Consists    of  touching  an   object  to  determine    its  shape. 
Begins   v*ien  the   hand   touches  the  object. 
Ends  when  contact   ceases  or   vhen   the    shape  of  the  object 
has  been  detem  ined, 

(9)  Size    (SZ) 

Consists  of  touching    an  object  to   detennine  its   size. 
Begins    when  the  hand  or  hands  touch  the   object. 
Ends  when  contact  ceases  or  the   size  of   the   object  has 
been  determined. 

(10)  Search  (S) 

Consists  of  a  random  (groping)    or   patterned   mcvement  of 
the  hand  or  hands   through  an  area  or  orer   a  surface  to  detect 
the    presence  and/ or   locate  a   particular   object    (may  be  a 
vibrating  source)   whose   precise  location  is   not  known. 

Begins  when  the  hand  or   bands  begin  to   move  as  described 
above. 

Ends  when  the   hand  or   hands  cease  their  characteristic 
nation  or  when  the    particular   object    is    located. 

(11)  Identity   (ID) 

Consists  of   touching  an   object   to  determine   its   identity. 

Begins  when  the    hand  touches  the    object. 

Ends  when  contact  ceases  or  when    identity  is  established. 
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(12)  Count    (CT) 

Consists   of  touchir^   several    objects   simultaneously  or 
in  succession  to  determine   their  total  number. 

Begins  when  the  hand   begins    to   touch   the  objects. 

Ends  vAien  contact   ceases  or  vfcen   the    total  number  has 
been  determined, 

(13)  Termination  (T) 

Consists  of  touching  an  object  to   detect  a  touch  stimulus 
indicating  the  initiation  or  termination  of  some    activity 
related  to   the  particular   stimulus. 

Begins  with  contact  aid/or  attention  to  or  for  the  par- 
ticular touch  stimulus. 

Ends  when  contact    or  attention  ceases  or  when    the   par- 
ticular stimulus   is  received, 

(14)  Monitor   (MR) 

Consists  of    touching  an    object   mechanically  connected 
with  an  automatic   activitj'  to    detect  any  abnormal,  unusual 
or  undesirable   conditions  of   the   activity. 

Begins  with  the  reception  and/or  attention  to  the  touch 
stimuli  from  the  activity. 

Ends  when  the   reception  or  attention  ceases  or   when  some 
abnormal  condition   occurs. 

(15)  Control    (C) 

Consists  of  touching  seme  object  mechanically  connected 
with  a  controlled  activity  to  deteanine  its  momentary  con- 
dition and/or  progress. 
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Begins  with   the   reception  and/or  attention  to   the  touch 
stimuli  from  the    activity. 

Ends  when  the    reception  or  attention  ceases. 
(16)      Idle    (I) 

Consists   of  the    period   during  which    the    sense  of    touch 
is  performing  no  purpose. 

Begins  when  the   hand   ceases  to  be    in  contact  with  any 
object. 

Ifinds  with  contact  with  any  object. 
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PROCEDURE  FOR 
COLLECT nrc  AND  RECORDING   THE   BASIC  DATA 

As   previously  noted   in  the   development  of  the  system 
of  classification,   the    observable  data   of  human  activity 
consists   of  stimulus  and   corresponding  response.     This 
concept  led  to  the   division  of  human  activity  into  sensory 
activity  and  response  activity.     The    response  activity  of 
the  man  includes  movements   of   the    head  and   eyes,    movements 
of   the    body,  and  movements   of  the    hands    (both  between   con- 
trols  and    in  the    manipulation  of  controls).     Also,   various 
actions  of   the   machine   occur  in  ecu  junction  with  the  manip- 
ulative activity  of  the   man.      Sensory  activity  was  further 
divided   into  visual,   auditory,  and  tactile  activity. 

The  response  activity  of  the   man  and   the    action  of 
the  machine  can  be  recorded  for  analysis  using  motion-picture 
cameras   and  micro-motion  analysis  techniques.     The   descrip- 
tion of  the  sensory  activity  must  necessarily  be   in  terms 
of  the    stiffluli  received.     The  direct  observation  aid  record- 
ing of  all   the   stimuli  received  by   a  man  in  the   operation  of 
a  machine,   even  for  a   ^ort   period  of  time,  would  be   an  ex- 
tremely complex  problem,    particularly  for  the    visual  and 
tactile  stimuli.     Consequently,  the    method   used  for    record- 
ing the    data  in  this    study  was    to  record  the  response  and 
machine  activity  on  mo  ti  en -picture  film,   and   to  reconstruct 
tte    sensory  activity  and  stimuli  data  from  detailed   informa- 
tion concerning  the   machine  and  the    part  being  manufactured. 
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Maohlne  Data 

For  the  purpose  of  reconstructing  the  sensory  ac- 
tivity, the  following  types  of  information  ccn  cerning  the 
machine  emd  the  part  being  manufactured  are  required: 

(1)  A  background   knowledge  of  the  characteristics  and 
operation  of  the   machine. 

(2)  Detailed   infoimation  ccncerning   the  individueil 
machine   controls. 

(3)  Detailed   information  concerning   the   dials  and   indi- 
cators   associated  wLth    the   machine. 

(4)  Detailed  infonnation  concerning  the    machine  sounds 
which  occur  during  the   manufacture  of   the    particular  part. 

(5)  Detailed   information  concerning  the    particular  part 
being  manufactured. 

Specific  details   of  the   information  required  and   the   methods 
used  for  collecting  this  inf ornHtion  follow. 

First,  a   ceireful  stu<^    of  the    operation  and    mainten- 
ance  pamphlets  for  the    particular  machine   ^ould  be  made   in 
order  to  gain  a  background  of  knowledge  concerning  its 
characteristics   and  operation.      If  the   analyst   is  not   famil- 
iar with  the  machine,   seme   skilled  operator  diould  be    requested 
to  explain  the  details  of  the   machine  and   its  operation.     If 
possible,   the  analyst   should  operate  the  controls  of  the 
machine   and   perhaps  produce  some  parts. 

When  the    analyst  has  become  familiar  with  the  machine 
and  its  operation,  arrangements  should  be  made  to  collect  the 
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detailed    inf crmation  concerning  the    machine  controls, 
dials,    and   machine  sounds. 

The  detailed   information  required  concerning  the 
machine  controls    includes    (for  each  con  trol) : 

(1)  A  complete  description  of  the    movements  of  the 
control   and    the  corresponding    purpose   performed, 

(2)  A  complete  description   cf    the  tactile  stimuli   pro- 
duced  by  the   manipulation  of  the   controls,    including: 

a.  A  notation  of    the  tactile  stimuli  produced   in  terms 
of  the   basic   tactile  stimuli  previously  listed  on  page  41. 

b.  A  notation  of   the    source   or   "object"  of  the    stimuli; 
i.e.,    a   description  of  the    action  of  the    mechanism  producing 
the  tactile   stimuli. 

c.  A  complete  description  of  any  visual   stimuli    (other 
than  the  actual  motion  of   the    control)   which  may  be  produced 
by  the  movanents  of  the    control.     This  description  should   be 
made   in  terms  of  the    basic  stimuli    previously   listed  on  page 
£3. 

The  detailed    information  required  concerning    the 
dials  and   iniicators   associated  vdth   the    machine    includes 
(for  each) : 

(1)      A  detailed  description  of    the    nature  of    the    movement 
of  tl»  dial  or  pointer  and    the   controls   (if  any)    with   which 
the    dial  is   associated.     Also,    notation  should  be   made   of 
the  graduations   of  the    dial  or  scale  and  the   location  of  any 
fixed   reference   indices. 
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(2)     A   detailed   description  of   the    visual  stimuli   pro- 
duced  by  the    dial   in  terms  of    the  "basic  visual   stimuli 
previously  listed   on   page   23. 

In  this   particular    application,   the  information  con- 
cerning the  machine  controls  and   dials  was  collected   and 
recorded   together.      The  assistance  of  the  machine  operator 
was  obtained  and    the  analyst  actually  operated    tl^    various 
controls   to  determine   the  required    information.     No   data 
sheet    for  the   recording  of  this    information  was  used.      The 
information  was  prepared  and    presented  in  typewritten  form, 
as    can  be   seen  by  referring  to  Appendix  B, 

Job  or  machine   sounds    usually  occur  in  conjunction 
with  the   use   of  some   machine  control.      They  may  also   occur 
in   conjunction  with    some  typical  machine  action    (such  as 
cutting   action)    or   in  conjunction  with  some  automatic    opera- 
tion.     For  the  collection  and   recording  of  this    information, 
a  farm  was    developed  with   columns  for    the    following   informa- 
tion: 

(1)  Associated   Control  Activity.      A  specific  description 
of  the    movement   of   the    control  associated  with   the    particular 
sound. 

(2)  Source.      A  description  of   the  action  of   the    machine 
mechanism  which   produces   the   sound. 

(3)  Time  Key.      Some  key  (such   as   control  position)   for 
determining   the   time  of    occurrence  of  the   sound  from  the   film 
record. 
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(4)      Characteristics.      A  description  of  the    sound  in 
ternis   of  its   funda^Tiental  qualities    such  as:      Loudness, 
duration,    pitch   (if   any)  and  timbre. 

(5]      oignificance.      The  significance    (in  terms  of  machine 
action  or  condition)    of   tlie    occurrence   of    Uie    pa-ticular 
sound. 

This  information  was  obtained   in  much  the   sanE  way  as  the 
infomation  concerning  the    controls  and  dials,  viz.,  with 
the  assistance   of  a   skilled  operator    and  by  the    actual  manip- 
ulation  of   the  controls   of  the    machine. 

Finally,    in&rmation  concerning  thB    part  being 
manufactured   in  the    particular   Job  chosen   &r    study  should 
be   obtained.      The  following   information  is   required: 

(1)  A   sketch  of  the   part. 

(2)  Notation  of  the    feeds   and    speeds   used. 

(3)  A  detailed  description,    in  sequence,   of   the   opera- 
tions  required  to  maike  the  part. 

This   information   should  usually  be  available   in  the    form  of 
a  process   sheet  for  the    manufacture   of   the    particular  part; 
this  was   the  source  of  the    information  used   in  this    study. 
A  copy  of   the   process   sheet  for  the    job   is   included  as 
Appendix  A. 

Film  and  Sound  Recording   Technique 

The    second    major  step   in  the    application  of    the   meth- 
od and  recording  the    basic  data   is  making  the    film  and    sound 
record   of   the   performance   of  the    particular    job.      As  stated 
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previously,  mot  ice-pictures  wer'=»   taken  of  the    performance 
of  the  particular    job.     This    provided  a  detailed  record  of 
the  performance   of  the    job.      Standard  micro-motion   study- 
filming   techniques  were  used"'-.      Some  modifications   of 
technique  were  made  to  provide    for   the   simultaneous  film- 
ing of   separate  activity   and   the    recording  of    sound.      Sound 
recordings  may  or   may  not  be  required   for   this   type   of 
analysis   depending  upon  the   detail  and    accuracy  desired, 
V/hen  accurate  data  concerning  the  time    of  occurrence   of 
sounds    is  needed  and    no   "keying"  action  of    the    machine   is 
availably,    the    sound   recordings   maybe   required.      Sound 
recordings  were   taken  of   this    particular    job    and   the   record- 
ing method   for    this    procedure  will   be  described.     This  record 
was  not    used   in  the    analysis,  however,   since  adequate   "machine 
action  keys"  were  available   to  determine   the   time    of  occur- 
rence  of  the  significant  sounds   from  the    film  record. 


■^M.    E.   Mundel,    0£.   c_it . ,    208, 
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Film  Record 

A  film   speed  of  16  frames  per  second   (or  1000  fraraes 
per  ininute)   was  used.      Two  cameras  were   used   as   fbllows: 

(1)  **Facer  Camera.      The  purpose  of   this    canera  was  to 
record  accurately   the   movements  of    the  operator's  head  and 
eyes.      The   analysis  of   this    film  record  provides  an  accurate 
determination  of  the  time    of  movements   of  the  Line   of   Sight. 
Factors  which  were   considered   in   setting  up  tlii  s   camera: 

(a)  The   camera  was   located  to  parallel  the  normal  line 
of  sight  of  the    operator  as   nearly  as   possible.     This  re- 
q-J.  red  getting  as  low   as   possible,  since    the    operator 
typically   looks    down  to   operate  the  machine. 

(b)  The  camera  was   located  as  close  to  the   operator  as 
possible  to   simplify  determinations  of   changes    in  the  LOS. 

(c)  The   camera  was  panned   to  insure   that  the   operator's 
head  was    in  the    field   of  the    camera  at  all   times. 

(d)  A  light  was   located   to   illuminate  the  operator's 

eyes. 

(2)  "Side"   Camera.      The  purpose   of  this  camera  was  to 
record   the  laovenEnts   of  the  operator's   hands  and  head.     Also, 
any  controls  or  tools   that   the   operator  actually  manipulates 
v;ere    included   in  the  field  of  this    camera. 

Factors  considered   in   locating  this  camera: 

(a)      The   camera  was   located  to   one   side   of  the  operator 
and  at  a  distance   of  about  fifteen  feet.      Camera   height  was 
approximately   six  feet. 


(b)      Lights  were  located   to  illuminate   the    side   of  the 
head,    the   hands   and   the   machine  controls, 
Sound   Record 

The  "job   sounds"  which   are   of   laoet    interest  are: 
(1)    tool  noises  and   (2)   mchine  control  noises.     The  micro- 
phone  was   placed  close  to    the   operator  and  directed  to 
facilitate   the  "pick-up"  of   the   desired  sounds.     When 
possible,    the  recording   ati  oul  d  be  made   vhe  n  other   machines 
in    the  vicinity  are  not    in  operation  in  order   to  reduce 
the   "background   noise   level",     A  directional  microphone 
might  also  be  used   and   should  be   directed  to  minimize  pick- 
up of  "motor   noise",     A  standard  Revere  magnetic   tape  record- 
er v/as  used. 

Time   Record 

Since  the    record  of  activity   is  made   in  three   parts, 
an  accurate  measurement  of  time    in  each  record   is  essential 
in  order  to  synchronize  the    analysis   elements.     The   use  of 
some  synchronizing  signal  is  required, 

(1)  Film,      Time   record  on  the   film  may  be   made   by  using 
a  micro  oh  Tonometer    in  the   field  of  the  camera   or  by  using 
synchronous   motor  driven    cameras.      Note:      the   inclusion  of 

a  microchronometer  in   the   field   of   view  of  the  "face   camera" 
would  be  undesirable.      In  this  application,    synchronous 
motor   cameras  were   used, 

(2)  Synchronizint*^   signal.      Some   signal   to    provide   a   common 
time  reference    in  all   three  records   is  required.      This  was 
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provided  by  u3ir]g   "clap  boards". 

Perspnnel   Req^uired 

In  addition  to    the    machine  operator,    the    follow  in 
assistance  was  found    desirable: 

(1)  "Face"  camera  operator. 

(2)  "Side"   camera   operator. 

(3)  Sound   recorder  operator  and   "director". 
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PROPOSED   TECHNI^iUE  FOR  ANALYSIS   OF  THE   BASIC  DATA 

A  frame  by  frame  analysis  of  the    film  record  was 
made   using  standard  micromotion  analysis   equipment,    including 
a   single    frame  projector^.      Because  of  the   additional  machine 
data  which   had  to  be   considered  and  because  of   the   difficulty 
of  correlating  the   various  sensory  and  manipulative  activ- 
ities,   it  was  found  convenient  to  divide   the  analysis   into 
the  following  parts: 

(1)  Analysis  of  manipulative,   machine  and  tactile  ac- 
tivity, 

(2)  Analysis    of  visual  activity. 

(3)  Analysis   of   auditory  activity. 

Analysis  of  Manipulative^  Machine  and   Tactile  Activity 

Because    of  the    close   relationship  of   the   manipulative, 
machine   and   tactile  activity,    they  were   analyzed   together. 
Being   predominately  an   analysis  of   response  activity  this 
part    of  the   analysis  was   the  simplest  to    make  and   was,   there- 
fore,   done    first.     Also,   making  this    anePlysis    provided  a 
detailed  knowledge   of   the    performance   of  the    job  and    thus 
simplified   the    succeedirg   analysis   of  sensory  activi  ty.      The 
basic   data  used  for   this    part  of   the   analysis  consisted  of: 

(1)  Side  camera  film. 

(2)  Description  of  machine   controls   and   dials. 

(3)  Process   sheet. 


■^U.    E.   Mundel,   o£.   cit.  ,    222. 
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(4)      List  of  classifications  of   tactile  activity  and    a 
table   of   therbligs, 

A  form     was   designed  to  aid  in  the   analysis  of  the 
basic  data.      Sections  of  the    fom  were   provided   for    time 
data,   manipulative   activity  data,    machine  activity    data   and 
tactile  activity  data.     Columns  were   provided  for    the  follow- 
ing inlbrmation:  ' 
Time  Data^ 

(1)  Frame   -   the    frame  counter  reading   at    the    beginning 
of  the   element. 

(2)  Subtracted   time   -  the   inclusive   time   for   that   element. 

(3)  Cumulative  time  -  the  total  elapsed   ti  ne  to    the    end 
of  that  element. 

(4)  Corrected  time  -  the    corrected    time  tbr   that  element^, 
iuanipulative  Activity  Data: 

(1)  Symbol   -   tlie  therblig  classification  for   that  element. 

(2)  Object   -  the   object  with   vhich    the  hand  was   in  con- 
tact  during  that  element   (if  any). 

(3)  Description  -   a  ** pictorial"  description  of   the   motion 
of  the   hand  relative   to  the  object  with  v^iich   it  was   in 
contact    (if  any) . 


Appendix  "D". 

There  was  a  slight  variation  in    the  camera  drive 
speeds.      To  compensate  for    this  all  times  were   related   or 
"corrected"   to   "face  camera  time".      See  Appendix  "F"  for 
details. 
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Machine  Activity  Data: 

(1)      Description  -   a  description  of  the   machine   action 
resulting  from  the    concurrent  manipulative  activity.      This 
might   also  be  thought  of  as  the    end   result  or   purpose   of 
the  hand  motion. 
Tactile  Activity  Data: 

(1)  Symbol   -   the  mnemonic  abbreviation  for    the  selected 
classification  of    tactile  activity. 

(2)  Object   -  the   source  of   the   touch   stimulus    (either 
the   object  with  which   the  hand  was   in   contact   itself  or   some 
machi  ne  action) . 

(3)  Stimulus   -  the    stimulus  being   received  or   expected 
during    the    segment    of  activity  described    in   terms  of    the 
basic  tactile  stimuli   previously  listed"^. 

(4)  Purpose  -   the   immediate  ,    elemental   purpose   of  the 
sensory  activity. 

Since   the   analysis  of   the    manipulative  and   machine 
activity   is  almost    identical  to  standard  micromotion  analysis, 
this  part  was  analyzed  first   for  each   segment. 

In   the   analysis  of  the   tactile    activity,   it    is   ex- 
tremely   important  that  the    objective   be   kept  constantly    in 
mind;    i.e.,    to  determine  the    immediate,  elemental  purpose 
being  performed   by  the    sensory  activity.      The  sequence 
followed   in  this    determination  was: 
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(1)  Determine  the   source   of   the   stimulus, 

(2)  Determine  the  nature   of  the    stimulus. 

(3)  Determine  the    purpose  performed  by  the    sensory- 
activity. 

(4)  Finally,   assign  the   proper  classification  of   tactile 
^    activity. 

Analysis   of   Visual   Activity 

After  the    analysis  of  manipulative,   machine    and  tac- 
tile activity  was  completed,   the    r»xt  step  was  the  analysis 
of  visual  activity.      The  basic  data  used  for   this    part  of 
the    analysis  was: 

(1)  Side  camera   film. 

(2)  Face  canera  film. 

(2)      Description  of   the  machine  controls  and  dials. 

(4)  Process  sheet, 

(5)  The  classifications  of   visual  activity. 

As  stated    previously,  the    primary  purpose  of    the 
face   camera   film  is  to    provide  accurate   time  data    for    the 
novements   of  the  LOS  of  the  eyes.      In  performing  the    analysis 
it  was  found  convenient  to    project   tiie   face    camera  film  and 
the    side   camera  film  concurrently  -   the  face   camera  film  for 
accurate   determination  of  time    and   the  side  camera   film  for 
determination  of  the    object   of    attention  of  the    eye  and  for 
determination  of  the    related  activity, 

A  special  form     was   pre  pared   for    the  analysis  of  the 
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basic   data.      This  form  is   practically  identical   to  the 
tactile  activity  section   of  the  Manipulative  and  Tactile 
Activity  Data  oheet.      Columns  were    provided   for    the    follow- 
ing   infonnation: 
Time  Data   (face    and    side   camera): 

(1)  Frame   -    the   projector  frame    counter  reading   at   the 
beginning  of  the   element,  • 

(2)  Time  -   the  subtracted  time   for  that   elen^nt. 

(3)  Cumulative  time  -    the   cumulative  time   through   that 
element. 

Since   the    face   camera  times  were  used  as   the    basic   reference, 
the    cumulative   times  were   obtained   from  that  data. 
Visual  Activity  Data: 

(1)  Symbol   -   the  mnemonic  abbreviation  of    the    selected 
classification  of  visual  activity, 

(2)  Object   -  the    source   of   the    stimulus. 

(3)  Stimulus   -  the  basic   nature  of  the    stimulus  described 
in   terms  of   the  basic  visual   stimuli    . 

(4)  Purpose   -    the    immediate,    elemental  purpose   of  the 
visual  activity. 

The   sequence   of  steps  followed   in  determining   ihe 
proper   classification  of   visual  activity  was  the    same    as 
for  tactile   activity: 

(1)     Determine   the    source   of   the    stimulus. 
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(2)  Deteimine    the   nature  of    the    stimulus. 

(3)  Detaaaine    the    purpose  being    performed  by  the   visual 
activity, 

(4)  Assign   tiie    proper   classification  to  the    parrticular 
segment   of  activity. 

Analysis  of  Auditory  Activity 

In  this  particular  application,   since  adequate  "time 
keys**  were   available  for  determining  the    time   of    occurrence 
of  the  significant  sounds,    no  analysis   of  the    sound   record- 
ing was  required.      Instead,    the    data  from  the    Job   Sound  Data 
Sheet  was  copied   directly  on  the    "Total  Activity   Chart"   to 
be  described   in  the   next   section. 

In   the   event   that    an  analysis   of   the    sound  recording 
is  required  to   determine   the    time   of  occurrence  of    the 
various   sounds,    the  use   of  a   simple   audio  rectifier-filter 
in  conjunction  wL  th   a  pen  recording    oscillograph  would 
probably  be   satisfactory.     This  method  was  tested. 
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PROPOSED  METHOD   FOR  PORTRAYING  AND  SUI.11,IARIZING 
THE    RE3ULTS  OF   TtiE   ANALYSIS 

With  such  a  mass   of  detailed   info  neat  ion   resulting 
from  the   analysis  of  the   basic  data,    some  method  of  por- 
traying  and  summarizing  this  information  was   essential. 
For  portraying  the    results   of   the   analysis  a   special   form 
called  a   "Total  Activity  Chart"  was    developed"^.      The 
general   features   of  this    fom    are    similar   to  the  convention- 
al   "simo-chart"  developed  by  ttje    Gilbreths  for  use   in  micro- 
motion analysis^. 

Total  Activity  Chart 

In  the  development   of  this  form,  the  following  fac- 
tors were   ccosidered: 

(1)  The   form  should  provide   for  a  listing  of   the   func- 
tions  performed  according  to   the  major   classifications   of 
activity. 

(2)  Itie  form  should  provide   for    notation  of  the   specific 
classification  of  each    segment  of  activity. 

(3)  The  form  should  provide   for    notation  of   the    important 
facts   concerning   each   segment  of  activity, 

(4)  The  form  should   provide  for   the    correlation  of  con- 
current segments   of  activity. 

-^Appendix  "G". 

2 
M.   E.  Mundel,    o^.   cit.  ,    226. 
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(5)      The   form  should  provide   for  the   notation  of  the 
meaning  associated   with  significant  stimuli. 

For  these  purposes,  a  classified  listing  of  the  seg- 
ments of  activity  in  conjunction  with  a  time  chart  was  found 
to  be  satisfactory. 

In  the  manipulative,    machine  and    sensory  sections  of 
the  chart,   the   column  labels  and    info nnat ion  are  identical 
to  those   of  the  several   analysis    and   data   sheets.      The 
•'purpose"  for  the    sensory  activity  has   been  omitted  since 
this    is    indicated  by  the  specific   classification   of  the 
sensory  activity. 

An  additional  oolumn  labeled   "meaning"  has  been 
included.      The   purpose  of    this  column    is   t  o  provide    some 
means    of   indicating  the  major  segments   of  "total"  activity, 
i.e.,    some  means    of   indicating   the   major   segmaits   of  inte- 
grated sensory -manipulative-machine  activity.     Another  pur- 
pose   is  to   provide  a  means  for   indicating  the  meaning 
associated  with  the   "significant"   stimuli  -   "significant" 
stimuli   being  those  which   indicate   the   initiation  or 
termination  of  some  major   segment   of   "total"   activity. 

Summary  of  the   Results   of  the   Analysis 

In  addition  to  the  "Total  Activity  Chart",  the  fol- 
lowing sumiriaries  of  inf  oimation  have  been  compiled  from  the 
basic   data   for  each  major  classification  of   sensory  activity; 

(1)      A  compilation   of  the  frequency  of   occurrence   of  the 
specific   classifications  of  activity. 
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(2)  A  determination  of  the    percentage  of  time   spent 
performing  each   specific   type  of    activity. 

(3)  A  list  of   the    "significant"  functions  or   duties 
performed   by  each  sensory  system  -  by  "significant"   func- 
tions is  meant  functions  related  to   the    control  or   action 
of  the    machine    {as   opposed  to    motor   coordination). 


I 
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Compilation  of  Frequency   of   Occurrence 
And  Percent  of  Total  Time 


Visual  Activity: 


6? 


CI 

.assificatl 
Closed 

.on 

Frequenc 
2 

y       Percent  Time 

(CD 

0.26 

(W) 

"vVander 

1 

0.26 

(M) 

Movement 
the  LOS 

of 

41 

6.95 

(L) 

Location 

2S 

10.4 

(MV) 

Movement 

14 

25.0 

(P) 

Position 

35 

29.8 

(C) 

Control 

4 

8.9 

(H) 

Read 

6 

* 

(MR) 

Monitor 

7 

18.4 

Tactile 

Activity: 

Glassifi  cation 

Freq 

L.   H. 

1 .             % 

Freq, 

R.  H. 

Freq. 

Combined 

(I)        Idle 

31 

43.7 

35 

39.2 

66 

41.4 

(GC)      Grasp 

Control 

39 

30.2 

63 

36.7 

102 

33.4 

(T)        Termimtion 

7 

7.3 

10 

6.4 

17 

6.8 

(C)        Control 

6 

10.9 

7 

11.4 

13 

11.2 

(L)        Lc 

)cat  ion 

4 

4.8 

6 

2.2 

10 

3.5 

(P)        Position 

4 

1.5 

11 

4.2 

15 

2.8 

(MR)      to 

1  niter 

1 

1.7 

0 

0 

1 

0.8 

*Occurs    in  conjunction  with   other  activity.      Time 
not  measured  but  assumed  small* 
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Auditory  Activity: 

Classification  Frequency         Percent  Time 

(T)      Terminal  14  -  * 

List   of  "Significant"  Functions 
Visual : 

(1)      Aid    in  ccntrolling  the    cutting   action  by   determining 
its  momentary  condition  and    progress. 

Hegulate   advance  of   tool   to  work. 

Regulate   positioning  of   indexir^   stop. 

Regulate   setting  of  micrometer  dial. 

Regulate   positioning   of  square    turret  tools   so 
can  be    indexed. 

Determine   setting   of  coarse-fine    feed   selector. 

Control  ad.^ustment   of   coolant  flow. 

Monitor  cuttir^    action  to  detect  unusual   ccnditions. 

Observe   progress   of   hexagonal  turret  retract. 

Observe    progress    of   turret   indexing. 

Observe   progress  of  hexagonal  turret  advance. 

Observe   use  of  carriage  binder. 

Observe   settir^   of  coarse- fine    feed  selector. 

Observe  movement   of  micrometer  dial. 

Observe   positioning  of  feed  engaging  lever. 


(2) 

(3) 

(4) 

(5) 

turret 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

'Time  not  measured   but   very  small. 
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Tactile  : 

(1)  Detect   initiation  of  cutting  action, 

(2)  Aid   in  control  of  cutting    action  by   determining 
condition   and  progress. 

(3)  Control  of  grasp   -  gaining  and  maintaining  control 
of  machine   controls. 

(4)  Detect   termination  of  turret  indexing. 

(5)  Control  positioning   of  hand  for   subsequent  grasp.. 

(6)  Control  positioning  of    power  feed   lever. 

(7)  Detect  contact   of   carriage  with   indexing  stop. 

(8)  Aid    in   controlling  the   positioning  of   indexing   stop. 

(9)  Monitor  cutting  action   to  detect  abnormal  conditions. 

(10)  Control  positioning  of  carriage  binder, 

(11)  Control  positioning  of  coarse-fine    feed   selector. 

Auditory : 

(1)  Detect   initiation  of   hexagonal  turret  indexing. 

(2)  Detect  completion  of  hexagonal  turret  indexing. 

(3)  Determine  v^en  hexagonal  turret  can   again  be 
indexed    (for  skip  indexing). 

(4)  Verify  proper  positioning  of  power  feed  lever. 

(5)  Detect  disengagement    of  power  feed  lever. 

(6)  Detect  completion  of  square  turret   indexing. 

(7)  Determine  when  square  turret  can  again  be    indexed 
(for  skip  indexirg). 
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3UT.a:AHY   OF  RESULTS  AND   C0NCIJUSI0N3 

Results 

The   results   of  this   thesis   are,   first,   a    proposed 
method   for  the  functional   aialysis    c£    human  activity  in- 
cluding: 

(1)  A  system  for    the   functional  classification  of  human 
activity, 

(2)  A  technique   for    observing   and   recording  the    basic 
data  of  human  activity, 

(3)  A  technique  for   the  analysis   of  the    basic   data. 

(4)  A  method  for    portrayir^   and    summarizing  the  results. 
And,    second,   an  example  of  the   application  of  the    method   in 
a  test  case. 

Conclusions 

Based  upon   the   development  of  the    method    of   analysis 
and    its   application  in    a  specific    case,   the    following   con- 
clusions are   made: 

(1)  This  method   of  analysis  can  be   applied  to   determine 
the  detailed   functions   performed   by  a  man   in  the    routine 
operation  of  a  machine  tool   • 

(2)  From  this   infonnation  a   list  of    sensory  functions 
related   to  the    control  or  action  of  the    machine  can  be  compiled. 


This  statement    is    not    meant    to    imply  that    the  relia- 
bility of  the   method   of   analysis    has  been   established  - 
reliability  meaning    the   ability  of   different   analysts  to 
produce   similar  results   using   the    same    basic    data. 
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(3)     Also,    from  this  information  the   frequency  of  oc- 
currence ani    percent   of  total  time  spent  in   the    performance 
of  specific  functions  can  be    determined. 

Heooiniiendat  ions 

For  the  further  development    and    improvement  of  this 
method,    the   following    recommendations  are   made: 

(1)  That    the   reliability  of  the   method  of   analysis  be 
determined   and,  where  necessary,   modifications  of  the  method 
be  made   to   improve   the  reliability. 

(2)  That  the  validity  of  the    method    as  an   aid    in    the 
development  of  ai  tomati  c   devices   be    determined.      This  might 
be  done  by   comparing  the  results  of    an   analysis   of  a  man- 
machine   coniDination  performing  some   work  with    the    actual 
functions  perfonned  by  an    automatic  machine   performing  the 
same  work. 

(3)  The  actual  application  of    the    method    to    develop  an 
automatic  device   in   some   simple  work   situation. 

(4)  The  development    of  a  color  code    for   use  with    the 
"Total  Activity  Chart". 

(5)  A  stucfcr   of  the    use  of  the  method  for  the    analysis 
and  measurement   of  skill. 

(6)  A  study  of  the   application  of   the    method    for  the 
determination  of  training   requirements. 
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PROCESS  SHEET 
FOR   THE  MAI^fUFACTURE  OF  A  GEAR   BLANK 


3^ 
16 


0.314 
0:510 


lolOO 


-45''-^   CHAMFER 


Speeds  and  feeds  pre-set. 
RPM  -  low,  557  rpm. 
Feed  -  .002  in. 
Set  up  for  #4  Gisholt. 

Hexagonal  Turret : 


1. 


2. 
3. 

4. 


Stock  Stop  -  Position  stock  to    length  by  moving  ram  slide 
forward  against   stop.      Use  hydraulic   feed  lever   accord- 
ing to    specifications   to  bring  stock  to    length. 
Center  Drill    -  Ivlove    ram  slide   forward   against  stop. 
Rough  Drill    -  Move  drill  up  to    stock.      Engage    power  feed. 
Depth  regulated  by    stop. 

Ream.      Move   reamer  up   to   stock.      Engage   power   feed. 
Depth  regulated  by   stop. 


Cross   Slide : 

1.  Hough  turr.   O.D.      Set    index  stop    to   ^1.      Set  micrometer 
dial  to   #1  aud   then   engage   longitudinal   pov.er   feed  lever. 

2.  Finish  turn  O.D.    -  Retain   index  stop  ^1,   set  micrometer 
dial  to  /^2,    then   engage   longitudinal   power   feed   lever. 

3.  Form  0.625   O.D.    -   Set   index  stop  //2,    lock  apron  a  gainst 
stop.      Turn  tool    into    the   work  by   handwheel   one   full   turn 
past    dial  3   to  dial   3. 

4.  Chamfer   -   Set   index   stop  #3,    operate  cut    off  tool   I/8 
inch    into  work,    then  back  slide   so   that    chamfer  tool 
engages  v/ork  up  t  o  dial  4. 

5.  Cut-off   -   Retain  stop   #3,    use  lateral   handwheel,    run 
tool   up  to  work,    then  engage   lateral   power  feed,   continue 
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power   feed   until   piece   is   severed    from  bar  and  bar  face 
is    completely  machined. 

Note:  In  this  particular  job,  the  first  operations  under 
both  the  hexagonal  turret  aid  the  cross  slide  were 
onitted   to  cut  down   the    time. 
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DESCRIPTIOH    OF  MACKB^E   CONTROLS  MD  DIALS 

FOR  A 
GL:>HOLT  NO.    4   RAM  TYPE  UI^'IVERSAL  TURRET  LATHE 

Controls  used    in   this   particular   .job: 

A.  Spoked  Handwheel 

Rotates   freely  in   either  direction.      Used   to   advance,    retract 

and   index  turret, 

Cloclcwise   -  Retracts,   unlocks   and   indexes   turret. 
Counter-clockwise   -  Advances  and  locks  turret. 

Touch  Stimuli: 
Advanc  ing . 

(1)  Vibration   and    fbrce   of   initial  contact    of  tool 
with  work, 

(2)  Vibration  of  cutting  action  and   reaction  force. 

(3)  Vibration  of   contact    of    turret  ram  with   stop 
screws   and  reaction  force. 

Retracting. 

(1)  Vibration  of  contact  and    action  of  unclamping 
mechanism  and  reaction  force, 

(2)  Vibration  of  contact  and    action   ct  turret  index- 
ing mechanism  reaction  force. 

(3)  Vibration  of  contact    of  turret  ram  with  back 
stop  and  reaction  force. 

B.  Square  Turret  Lateral   Feed  Handwheel  and    Crank 

Rotates   freely   in  either  direction.      Used   to    advance   and   re- 
tract  the    square  turret   (i.e.,    cross  feed). 

Clockwise   -   advance. 

Counter-clockwise    -   retract. 
Touch  Stimuli: 

Advanc  ing. 

(1)  Vibration  of    initial  contact   of    tool  with  work. 

(2)  Vibration  cf   cutting  action. 

C.  Lateral  Feed   Micrometer  Dial 

Dial   turns  with    lateral    feed   handwheel.      Used  to   indicate 
accurately   the   depth  of  lateral  feed   of    the    tool.      Dial    is 
graduated   in  0.001   in.   and   marked  every  0.010   in.      Numbered 
clips  are  provided    on  the    dial  to   indicate   depth  settings. 
The  dial    is  positioned  relative  to  a  fixed    index    at   the   top 
of  the   dial. 
Visual  Stimuli: 

(1)  Position    of   dial  and    clips  relative    to  fixed  index. 

(2)  Movement    of  dial  and   clips   relative    to   fixed   index. 
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D.  Square   Turret  Longitudinal   Feed   liandwheel   and    Crank 

Rotates   freely   in  either  direction.      Used   to    traverse  the 
side   carriage  right  and    left    (i.e.,   feed  longitudinally  in 
and   out). 

Clockwise   -   traverse  right. 

Counter-clockwise   -   traverse    left. 
Touch  Stimuli : 

Left  Traverse, 

(1)  Vibration   of  initial  contact  of  tool  with  work. 

(2)  Vibration  of  cutting  action. 

(3)  Contact   of   ap inn  with    stop. 

E.  Side  Carriage  Feed  Selector  Lever 

Moves   up  and  down   through  a   limited  arc  with  positive  stops 
at  both  ends.     Has   four  positions  with   a  detent   for   each 
position.      These   detents   are   not  readily  felt.     Used   to  set 
the   power  feed  rate   for  the    side    carriage  either  for  lateral 
feed,    longitudinal  feed  or  both. 
Touch  Stimuli: 

(a)  Positive  stops  at    aids  of  arc. 

(b)  Detent  action. 

(c)  Meshing  action  of   gears. 

F.  Side  Carriage  Feed  Selector  Dial 

Dial  made    in  form  of  an  arc  and    is   integral  with   the  Feed 
Selector  Lever  with   which    it  moves.      Used   to    select   side 
carriage  power  feed.      Eight    (8)    feeds   can  be  selected, 
four   (4)    coarse    (red)    and  four   (4)   fine    (black).     Numbers 
are   arranged    in   pairs.      Dial  is   positioned  relative   to  a 
fixed    index  above    lever  axis  of  rotation. 
Visual   Stimuli: 

(1)  Numbers    indicating   feed  selections. 

(2)  Red  and  Black  colors   corresponding  to   coarse  and 
fine    feed. 

(3)  Position  of    dial    relative  to   the  fixed   pointer. 

(4)  Movement  of  dial  rel  at  iv3   to   fi  xed  ^pointer. 

G.  Side   Carriage  Coarse-Fine    Feed    Selector 

A  small   finger  operated   lever  which  moves    quite  easily  when 
gears   are  meshed.      Moves    through  a    180  deg .  arc  with   positive 
stops   at   both  ends.     Has  two  positions. 

"Coarse"   -   right. 

"Fine"   -   left 
"Coarse"  and   "fine"  markers   are    attached   to   the   lever   and 
indicate   setting  when  lever  is  in  final  position. 
Touch  Stimuli  : 

(1)  Meshing  of   gears. 

(2)  Lever  against  positive   stop. 
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Visual   Stimuli: 

(1)  "Coarse" 

(2)  "Fine" 

H.      Square    Turret  Lateral   Feed   £np;a^inp:  Lever 

Moves  up  and   dov/n  through    a  snail  arc  between  two  positions. 
Spring    loaded  dc^^n    against  a  positive    stop.     Held   in  up 
position  by  a   spring   loaded   plunger.      Lever  handle    rotates 
down   to  retract   plunger.      Used    to    engage  and   disengage 
lateral   power  feed   clutch. 

Up  -  engage. 

Down  -   disengage. 
Touch   Stimuli: 

(1)  Upper    positive   stop  and   vibration  of  plunger  action. 

(2)  Spring    loaded  mo-rement  of  lever  when  rotation   of 
handle  retracts  plunger. 

(3)  Bottom  positive   stop. 

I,      Side  Carriage  Longitudinal  Feed  Engaging  Lever 

Action   identical  to  Lateral  Feed  Engaging  Lever,    except    that 
action   of  Apron  Stop  Roll    (Indexing   Stop)    trips  out  power 
feed.      Used   to    engage  and  disengage  longitudinal  power   feed 

clutch. 

J.      Side  Carriage    IndexirK    Stop 

Rotates   through  360   deg.     Has    six   (6)   positions,  each  marked 
with   a    snail   number  stamped   in  the  metal,      a  knurled   ring 
around  the   stop  roll  facilitates   rotation  of   the    stop.      All 
six  positions  have  a  detent  for    final   positioning.     The   stop 
in   the  top   position  is   the   one   that  functions;  there    is   no 
fixed   index  relative   to  which  the    stops   are    positioned.     Used 
to   trip   the  longitudinal   pov/er   feed   accurately  and   also  as  a 
location  Tor   cross  slide  movement. 
Touch   Stimuli: 

(1)      Detent   Action. 
Visual  Stimuli: 

(1)  "1",    "2",    ,    or   "6". 

(2)  Position  and  movement  of  a   particular  number  relative 
to   top  of  stop   roll. 

K.      Square   Turret  Indexing   Lever 

A  ratchet   type  lever.      Rotates    in  and    out    through   approximately 
130  deg.    each  way.      Used   to   lock   and  unlock   and    index  the 
turret . 

Touch  Stimuli  : 
Moving  in, 

(1)  Release  of    pressure    and   force  vyhen    turret  unlocks. 

(2)  Vibration  and  force   of  contact   of    ratchet  with 
indexing   mechanism. 

(3)  Force   of  positive  stop  v/he  n  turret  locates    in 
next   position. 
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Iiuoving   out. 

(1)  Vibration  of    action  of  ratchet   mechanism. 

(2)  Increased   pressure   and  force  v/hen  turret   is 
locked   in  position   (a  binding   type  of  action). 

L.      Carriage  Binder 

Rotates   thro'jgh    about  a   60   deg.   horizontal  arc.     Has  two 
positions,    in  and    out.      Used  to  lock   (bind)    the    side   carriage 
in   a  specific  position. 

In  -  binds  carriage. 

Out   -  releases    carriage. 
To  uc  h   St  imul  i  : 

(1)  luoving  in  -    Increase   of    pressure  and    force   due  to 
binding  action. 

(2)  Moving   out    -   Decrease  of    pressure   and   force  vAien 
carriage   is  released. 

Controls  Not    Used   in  Parti  ailar  Job 

1.  RPM  Selector  Dial  and  Pointer. 

2.  HPU  Selector  Handwhe  el . 

3.  Cutting   3pee;l   Selector    Dial, 

4.  Workpiece   Diameter  Dial. 

5.  Cutting     Speed   Selector  Ring, 

6.  Speed  Trip  Lever. 

7.  Dirge  t  or  Pre -Set   Selector  Lever, 

8.  Pov/er  Motor      Control  Push  Button. 

9.  I.:otor  Speed   Selector, 

10.  Coolant  Switch. 

11.  Spindle  Clutch  Lever. 

12.  Side  Carriage    Stop  Bar  Lever. 

13.  Chuck  and  Bar  Feed   Control  Lever, 

14.  Hand   Oil  Pump  Lever. 

15.  Side   Carriage  Forv/ard-Reverse   Power  Feed  Selector  Lever, 

16.  Hexagonal   Turret  Power  Feed  Trip  Lever, 

17.  Hexagonal   Turret   Feed   Engaging  Lever, 
16,  Hexagonal  Turret  Feed  Selector   Dial. 

19.  Hexagonal  Turret  Feed   Selector  Lever, 

20.  Hand  Oil  Pump  Lever. 

21.  Hexagonal   Turret   Stop   Screws.    ^ 
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TBiE  DATA  CORRECTIONS 

The   face   camera  times  were   assumed   to    be    correct 
and  the   side    csunera  time   values  were  corrected   to   correspond 
to   them. 

Referring  to  the   graph,    it  will  be   seen  to   be  divided 
into  two   linear  segments  A  and  B, 
Letting: 

X  =  time    (face   camera) 

y  =   time    (side  camera) 

k  :  conversion  factor  for  segment  A  or  B. 

X  =  ley- 
Average   values   of  k     z  1.145 

k^  r   1.138 
13 
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SlMiAARY  OF  THE  CLASSIFICATIONS  OF  ACTIVITY 


CLASSIFICATIONS  OF  VISUAL  ACTIVITY 


(M)  Movement  of  the  LOS 

(CL)  Closed 

(W)  Wander 

(MV)  Movement 

(CR)  Color 

(SF)  Surface   Finish 

(Sli)  Shape 

(SZ)  Size 

(L)  Location 

(P)  Position 


(IT)  Intensity 

(3)  Search 

(ID)  Identity 

(T)  Termination 

(MR)  Monitor 

(C)  Control 

(R)  Read 

(MM)  Mathemation 

(CT)  Count 


CLASSIFICATIONS  OF  AUDITORY  ACTIVITY 


(LD)  Loudness 

(PC)  Pitch 

(T3)  Timbre 

(L)  Location 

(irv)  Movement 

(ID)  Identity 


(S)  Search 

(T)  Termination 

(MR)  Monitor 

(C)  Control 

(3P)  Speech 
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CLASSIFICATIONS  OF  TACTILE  ACTIVITY 


(V)  Vibration 

(TR)  Temperature 

(L)  Location 

(WT)  V/eight 

(GC)  Grasp  Control 

(SF)  Surface   Finish 

(P)  Position 

(3H)  Shape 


(SZ)  Size 

(S)  Search 

(ID)  Identity 

(CT)  Count 

(T)  Termination 

(MR)  Monitor 

(C)  Control 

(I)  Idle 


\f 


Ul 

I- 


VISUAL 


n"fff£r 


OBJECT 


ismsz 


(ujipsa^ffos 


U>CATI6/V    AIV3 


sfa/rs  Of 


MOV£fl£Nr  AMD 
i}/SrAVCe    Fff/>M 

srocn- 


diWltVlW/U 


CUTr/N& 
ACr/OA/ 


/?£m/ii:T//ve 

TU/i'/e£T 


STIMULUS 


ciAPP'vr.  30Afr/>s 


TsmminL 


D/STANHjr   F7?aM 

sraai- 


S'^^,  s//A/sr,  AA//> 
ff/TTf  or  MOfOiiivr 


AUDITORY 


SOURCE 


loc/rriM  Ai^o 
»ov£navr   "r 

f/AA/P 


AtVANCINH 

Tuv/frr 


Aiovsnei^r  and 
distance:  fvton 


ACT/OA/    O/-' 
ruSCHAAIliM 


rjiirntiNe-TV/fRcr 


STIMULUS 


TOTAL  ACTIVITY  CHART 

TACTILE 


LEFT    HAND 


OBJECT 


LOOO   rMUC 


CL/Cf^ 


/[/0A/£ 


INITIAL  OOA/rACT 
or  TOOL  Ia/ITH 
l-JOffK 


CUmui  ACT/ON 
AV/>  CONTACT  OF 
r/AM  Mirf/    STOP 


STIMULUS 


A/0/V£ 


WePATIOiV 
Ane  FB/K£ 


V/e/TAT/OV 


SUP  awTAcr, 
ropcc 


imiTXINi    TURKET 
TURFCT  a>CAT/M6 
PIN    £NTEFflMG 
BI/5H/N6 


illSlfAr/oM 


RIGHT   HAND 


ro/i-'£ 


fi'P,  CO  A/ TACT, 


OBJECT 


wiriAi.  eoivTAcr 
or  TOOL   u/ir// 


Ct/TTwe  /ICT/OA/ 
AA/>  eoA/TAcr  or 

PAP)  lA/ITM    STOP 


ACTION  or  IMOPK- 
/Aie  P!ECHAA/iy>1 
AA/P  COA/TACr  or 
PAP?  lA/irn  STOP 


STIMULUS 


SL/P,    COVTACT, 
FOPCt- 


ir/BPPriov 

AA/P  FOPCe 


V/ePATWA/ 
A/VZ>  FO/rC£ 


J/JP.  COUI/TArr, 
FOfKr 


VIBRATION 
Ah/D  FOPCS 


SL/P, 

coA/rper, 
po/rce 


MEANING 


CONDITION 


lAlORK  AREA 
Cl£AP 


TOOL    APPPOACMIA/e- 
It/OffH 


a/TTiAie  ACTioAi 

If  AS    BEGUN 


CeAITFP 

DPILLIVe- 

COMPL£T£C 


ff£TRACT 
COMPLETED 


ACTION 


ee&iN  WORK, 

C£IVT£P 
DPILL 


SLOW  DOUA/ 
ADMNCE 


FEED  C£AP£P 
DP/LL 


RETRACT 
CEA/TEP 
DP/JU. 


INDEX 
TURRET 


SHEET  _Z_OF.^ 


MANIPULATIVE 


LEFT    HAND 


TURflET 
INHEXeO 


ADVANCE 
TUPRET 


OBJECT 


SPo/r£^ 

M/I/jOM»£-L-L. 


SrO/fED 
MAAIOWM££i- 


SPORPO 
UAV/^WREEL 


SPOR£^P 
HANOI/JREEfL 


DESCRIPTION 


■O      SPORES 
HAA/DUR££L. 


ROTATE    C-C 
SLOh/Lf 


ffOTATE    C-C. 


POTATE  C 
PAPrOLY 


TO  BALANCW& 
PCS  IT  I O A/ 


RIGHT    HAND 


SPOff£D 
f/AA/OUR££L 


OBJECT 


TO    SPOHED 
»ANOUR££L, 


SPORTD 
PAA/EAaIREEL 


SPO/f£f> 
HAA/OIa/HEEL. 


SFOPED 
UAAIOIVUEEL 


DESCRIPTION 


P'OTATE      C    C 
AfAP/OLY 


ROTATE    C-C 
SLOWLY 


ffOTATE-  C 


SPOPED 
yPA/OU/PEEl. 


STEAor  lA/DEXlMS 
TLl/fPET 


TO   BALAA/eiA/C 
POSITION 


SPOPEO 
HAA/DWH£E£ 


SPOAYE^D 
HAA/fil^REEL 


ROTATE-   C 
PAPIOLY 


MACHINE 


UJ 

2 


DESCRIPTION 


ADt/ANCE    TUflRET 


AOAANCE   C£Arr£)f 
OP/LE    TO  UOPIf 


F££0    CEA/rjrp 
DPIEL^ 


ifPTPACr    TURRET 


ROTATE 
CijOCPIi//S£^ 


ROTATE    C  C 
PAPAE>LY 


INDEX     TURRET 


ADMA/C£    TCJP/f£T 


^ 


f 


TOTAL  ACTIVITY  CHART 


I- 


VISUAL 


OBJECT 


STIMULUS 


Mov£M£frr  cy 
0/sr4ve£  r/fOM 

STOCH 


eAT£  or  f10lf£MEIVT 

CH/r  MUATiye:  ro 

TOOL.    ALSO, 
COOLH/VT    FLOk/ 


: 


MOVeMSNT 


LOCATtoN  OF 
/f£AfIOe  /If/O 
MOVEftEAff  or 
HAN/> 


AUDITORY 


fioy£M£Mr 


SOURCE 


currms  ACTION 


STIMULUS 


CRAC^U 


AlOXMBVr   A^^ 
DliTAttCE    rAVM 

sroac 


ACTION  or  /A/oei- 

/A/f  A4£C//^A/lSM 


TOKTs'er 

evsNiHc; 


LOUD    THUP 


TACTILE 


LEFT     HAND 


OBJECT 


ClITriNe  ACT/OM  AND 
CONTACT     or  /TA/^ 
IfJtTH      STOP 


STIMULUS 


n/ff/^ITT  LOCATIAJC 

P//V    £lvr£ftlAIG 

BUSHING       ■ 


RIGHT 


HAND 


SLIP,  eofTAcr 


OBJECT 


INITIAL  CONTACT 
OP     TOOL.   h/ITM 


CaTTIfl/0  ACTIOA/ 
AAIO    CONTACT  or 
/?AAf  WITH 
STOP 


ACTION  OF  /NOEXIV^ 
MECNANISM    ANO 
CONTACT   OF  ffAM 
UITH       STOP 


STIMULUS 


SL/P  CONTACT 

ropc£ 


If/BPATlOAl 
AA/D  £0/K£ 


VIBRATION 
AND  FOfCt: 


slip,  contact 
force: 


Si-lP, 
CONTACT 
FOPCF 


SLIP 

CO fi/ TACT 

ro^fcc 


MEANING 


CONDITION 


DP  ILL 

APPPOACNINO 
UOPff 


DPILLINU    NA$ 
B£BI/N 


TUffPE  r 
IND£X£0 


ACTION 


ADVANC£ 


SHEET 


.0Fi2_ 


MANIPULATIVE 


LEFT    HAND 


TUPP£T 


ADVAA/ce 
TUFfffET 


OBJECT 


DESCRIPTION 


CONTACT  SPOK£ 


ffOTATS 
COUVTS/^- 

CLoarwiSS 


TO  P£AM£ff 


STEADY    INDLtlUf 
TUPPET 


TO      SPONED 
HAA/DWI/££L 


CONTAl'T      •^ir'K'' 


ro/,  Nt'iT     SlVltti 


'■j'ltmf     ^"'^ 


RIGHT      HAND 


OBJECT 


TraTAT£     C'C 
sll/wlt 


DESCRIPTION 


MACHINE 


UJ 


DESCRIPTION 


TO    ANOTHEff 
SFt}A-£' 


FIOTATE    C-C 


AWANCE  £>/?/LL. 
TO     STOC/f 


F££D    fiOUap 
£>ff/L£ 


JPOPE 


PETfiACT       TUff/f£T 


AfOr/^TE  C-C 
/^AP/OLY 


AUOTNEff 
SPOKE 


iA/D£X     Tu/r/rer 


ADVANCE    TV/f/r£-/ 


I 


TOTAL  ACTIVITY  CHART 


VISUAL 


I- 


/l.'./'OA/ 


OBJECT 


STIMULUS 


coouif/r  nxih/ 


MOVe/^BVT 


HAn/DUH££L 
CffANH 


TOOC 


AUDITORY 


SOURCE 


6cirri/ve  Acr/ort 


r   ^cr/a/v  or  /v^'eirwii 


r^OV£H£^r  A/tr£ 


STIMULUS 


c/\-/ie/f/^ 


/.i/jp  rt^c^ 


TACTILE 


LEFT    HAND 


X, 


OBJECT 


/voivs 


a/rrwe  Acno/t/  a 
coivrAcr  OF  ifAM 
wirw  srof 


ac 


mm , 


STIMULUS 


.WON£ 


l//a/f/iricAi 


Conryicr,  Sijf^ 


RIGHT    HAND 


TOOL  WITH    WOffA 


iurrme  Acno¥ 
coiimicr  or  /TAAT 
uiTM  sror 


iOMt/nO/A/AL 
F££D  HA/\/CUHea. 
C/FAAZ/f 


CO/VTACr 
SLIP 


sc 


OBJECT 


Afeez/AA/fSAr 
£OA/r/ti;r  ar  /TAM 
utr//  srep 


STIMULUS 


l/IU//Ar/OAI 


yiB/fATIO// 

AVD  Fom:£ 


s^/p 
ao/vTAor 


S/L/P 

i^aA/r/ic:r 


ne/fsrio)/ 


MEANING 


r\'tAMI'/C    HA-i 
OiSi/A/ 


spafs 


FEED  UAmhM// 
C/fANH 


LATPPM.  PPCt' 
HAA/Ok/HPO. 


t;apnier 


SjL/P 

(■oiuTAer 

FOPCP 


ravTAa 
POPit 


CONDITION 


TOO/-    APPPOACP/A^ 


fl'PAPIIPC 
COMP/^rpD 


/frFPAA.r 


rv/iper  rnoeup/} 


ACTION 


^COW  PiOI-/f^ 


PPID 


riXFPAur 
Fiipppr 


imiK  TumiT 


aoAiAispet 

S0UAPP 

mif/rpF 
OFiJfA  rmns 


SHEET^^OF_ii. 


MANIPULATIVE 


LEFT   HAND 


OBJECT 


LoAie/nowAL 

P££i>  PAA/D- 
Ia/PSP/- 
erfAN/f 


DESCRIPTION 


^6  FA  re  ji/iivLr 


WrATP  PAPIO/JF 


RIGHT    HAND 


OBJECT 


TO  SALA/l/UA/d, 
POSlF/O/V 


TO   S0UAP£ 

rupfip-r  i.oA/ai- 
Fi/ciAj/ti^  f^treo 
IMAIDMHEeL- 

rrrAfJK 


/TOTArr  c-c 


sfof(£      mFAK:  saiwir  c-c. 


sfok£ 


DESCRIPTION 


por/\rp  ^/.ow/.r 
c-r.. 


VOTATP  /TAP/Diy 


ro  AA/OFP/SV 
SPOAFt 


POFATP  PAPIDLY 


SPO/FS 


SH-    FUP'ffPT' 
LATPTfAi.  PTfS 

uAPHk/ma.  CPAPAT 


».TOP4ttr/A/lXU. 
iPPii  MAltOUt/iB. 

cp/fm 


inumruiarAL 

CPAP/t 


OtTpiTAi   rPFb 


MACHINE 


DESCRIPTION 


APVAMCe  n£AP>/;'ff 

ro  srocp 


/SiSB    F!£AAr£/i' 


PPTPACT  ri/ff/KT 


trO/ATi  OAOU/SP 

A-AP/ur 


■fifcr  //irr^  0MAfit/ 


/fPTf^Acr  Tu/f/rsr 


iioyAt//:we  Tup^/zp/} 
Tooi,  rn  ivofi'P 


/vpif  Fuppsr 


T/fAlrS/fS£    TVffA/lAP^ 

rooL  TO  tt/o/f/c 


UfoX 


'  l")Ml>  PAfi'TlAJUY    0/33CtJ/fPJ:> 


ro  se  ^t/PfPF  tArpA/Ai  rre" 

PAPjOU/iiPl     C/TAA/ff 


TOTAL  ACTIVITY  CHART 


UJ 


yp- 


^/o  - 


SZJ. 


J^O  . 


VISUAL 


f1/! 


OBJECT 


/»Ai.   SCfi/BS 


Tc/r/v/A/e- 

TOOL 


caye/Wi>W4/. 


STIMULUS 


AA/O  fi/STAf/ef^ 

flfOM  warn 


euTTiA/e- 
Aeriof^ 


eOO/JINT 


Am'tAi£Mftrir///f  /fUArm 

siurct^  semi£  f/M/si/ 
y  uo/f/rfHf  MAfc> 
eeeUMf  rlou 


LOC*T/e*l 


sza- 


J7o- 


Sfo- 


Cii/-ANT 

noi>/ 


AUDITORY 


(»/f 


eifrriA/A 


Mcntuuu.  fiH    I    Lee  A  TIB// 

vnaneuaioLl 


ate,  S//AH  A/fO  mTf 
or  fiiflMfffr  ef  el/P 

([LATIU  TO  root.  ALU), 

/xcTcsucrwe  stuft 
MO  ivfFnee  PMisH 
or  uo/!/rF/e!£  /u/o 
xooLA/nr  /mx/ 


SOURCE 


e/trct/ 


STIMULUS 


low 


TACTILE 


LEFT    HAND 


OBJECT 


LfrCKAL    FffO 

HAAiDuneec 


INITIAL    COUT/JCJ 
or  TOOL  u/irn 
UOfflf 


PLf/i/ee/i  Aerial 
MH  pusmlie-  smr 


tOOLA/JT 

Mozzir 


STIMULUS 


COfTTACT 
SL/P 


y/e/fAT/ov 

FOPi£ 


iT/Bf?A  TIOA/ 

A/VL>  rop/^£ 


RIGHT  HAND 


OBJECT 


flON£ 


r££D  S£L£^<irO/f 

LeF£-Fr 


/)£T£iVTS  POS/T/rf 

srop 


eiMTACT 
SL'P 


/voA/e 


STIMULUS 


SL/P  ci'iTAer 
Po/To: 


papi^ 

FfOlf£-Af£ll/r 


MEANING 


CONDITION 


root  /H  COA/TMT 
W'TH    wo/in 


poyvpp  Peep 

///IS  e/fMSf/) 


ACTION 


fA$A$f 
POV/PK 
PPPO 


sep  ppeo 


/i/)OA//rcii 
corrj//(i 
Acr/o/i/ 


SHEET_^_OF. 


MANIPULATIVE 


LEFT    HAND 


UTSHAL  P££P 
UANPMjneEL 


OBJECT 


c<iivii/ruD///AL 
w//cet 


awsfruoim.  T£tD 

miMlf/lS  LEUPA 


DESCRIPTION 


f/OTATB 
CLOCKUlSi: 


TO  LONStTUOlMAL 

P/rpo  itA//ou»£a- 


/fior-ATC  c-e 


TDJJ)WfWOfNAL  FPPP 


TO    PPOiAPfi 

posino/v 


RIGHT    HAND 


OBJECT 


lATX/T'^L 
FSPD 

MAA/Ok/z/eeL 


DESCRIPTION 


MACHINE 


U) 


DESCRIPTION 


/!OTATE 


TO  Fiez/mpo 

FSSIT/ON 


ser  />t/£/rtArs7E/j 
/>/AL.  ro  'z- 


S£T  pi/i/ruff£7e/r 

a/AL-     TO     "z  " 


Tt    COOLAA/r 
NllZZ/.£ 


coaLA/ir 

AIOZZLP 


AO/OST  A/OZZLP 
FtSITIO/J  ro/f 
PPOPPP  iaoiA//r 
P/jOkJ 


Td  /f£LJIlt£T> 

pas/r/aiv 


PESO 
■SALedTUfT 
LPIfpp 


FPPD 
S£L/Ee.Tt>ff 
AJ^FP/f 


TO  PFPD  SPLterDAf 


pus//    /iOk/A/ 
/fAP/iiLY 


TO    /r£/.AFiU> 
PaS'T/ifA/ 


Fil!    FtACP/A/P 


77!AFPfS£  TUfW/A/tS^ 
TOOL    TO    W/i/i 


pne^Ate  ldvis-ituo/a/al. 

POk/E/f    PPJSZ) 


Sf:T  Pj^pP) ' 


-J-io 


-^7a 


JM 


TOTAL  ACTIVITY  CHART 


I- 


VISUAL 


m 


iso- 


iTd- 


(.70- 


ito- 


OBJECT 


iffo- 


7»o- 


TOOC 


Jlt- 


73o- 


TuK/Tjrr 


\ 


»^ 


I  7^g 


OF  M»/^/iaiir  OF 
M/r/f£/Ar/¥£  TO 
reoL  i4iSi  rur 

MO  suirnfes 

riAlliM  OF  uo /?/<■- 


STIMULUS 


posino/ii  V£iAn»£ 
TO  wM/r 


AUDITORY 


SOURCE 


CONTACT  OF  F£i'0 
£AICA/:W6  L^r£/f 
UlTft    POSlTiV£ 
STOP 


STOP 


UCATING  Pr/V 


STIMULUS 


CX.IC/{ 


TACTILE 


LEFT  HAND 


OBJECT 


FEeP   P»NC*/lt££L 
affAt//f 


/IAA/OWU££l, 
CPAtJl/ 


ac 


Sfil/Alf£   TVPHfT 


STIMULUS 


WjrAtr 

Sl-ZF- 


y/,/p 

dUf/TAeT 


RIGHT    HAND 


Si./F 

aavrAgT 
ro/fe£ 


OBJECT 


STIMULUS 


6-c    Turirer  inpFi/ia^ 

L£V£7f 


M£C//AVtSf^  A/v/> 
Pt>S/Tllf£  srop 


vA/r/ATiom  if 

FOP<^£. 
eef/TACT  AMD 

MoreAt£MT 


/>t£d//AIV/SAH 


Tu^/f£r  i/ipexiAii 
/^y£if 


S/./P 

co/\micr 


SUF,  COf>/rA£7, 

FD/re£ 


ynSPAT/sv 

AlUD  FOfC£ 


MEANING 


Sl/F 
eo/jTAiir 

rAir/:£ 


CONDITION 


POW£li   £££/> 
COMPLETED 


rVPHET  INOiXEC 


r    WFiRcr 

LOCIfEP 


ACTION 


l/l/DEX 

rWP'er 


LOCff 
TCffffET 


strmDetiiva 

STOP 


SHEET^_OF. 


MANIPULATIVE 


LEFT  HAND 


iCA/cirupi/iiii. 

FFCD 
UA/lf/>WtlC£i. 

OtAH/H" 


OBJECT 


UKSmsiMAL  F££e 
UANOUHeei^ 
CfrAUH 


tfAMW/FFC 
e/!AUl< 


JfiUA/TF 

T!W/if  T 


DESCRIPTION 


FiT/irf 
u/'e/fMS£ 


TD   SfiUA/f£ 

ri'PP£r 


RIGHT  HAND 


rUf/TET 


STOP 


OBJECT 


DESCRIPTION 


MACHINE 


DESCRIPTION 


TUPPST 
IN/>£1IIV^ 


n/ppcr 

moEX/A/^ 

/si/E/r 


ru/r/TET 

f/VOE///V£ 

isyEH 


TVPVEr 

IHOEXMi- 
/iEVEP 


SeVAHE    TI/PPET 


POLC    OH   TO 

ffAiAA/oE  eojay 


T/fAyEirSE    TVPPET 


wfiEX   re/p/rET 


p»E>  i,eep  Tup/f£T 


UJ 


-7eo 


-7t/> 


r/> 


//>)*«  PAHT/ALtr     0g3WP£/> 


J^     eOffTACT      &PA5P 


TOTAL  ACTIVITY  CHART 


UJ 


7>5»- 


7^0- 


y/d- 


VISUAL 


OBJECT 


STIMULUS 


Pis/niw  AT  Tap 


^l>f£MeW  AM 


MOfeTfSArrg.  rm/it 
Ftcrriov 


.,: 


ffa- 


f.i'^ 


AUDITORY 


/1tlf£'MeA/r  AMD 


Uti- 


?7a- 


gM/lS£-F'M 


/:04K£  -F//l/£ 

n/^  saseniT 


fro- 


FT/ML    P(s/r/oft 


ui^mt  nsep 
fAiCJKws  iJaeTT 


COOL/tVT 
llfOZZLS 


,2SsX. 


MoLAurr 


SOURCE 


i/ixAriM 


STIMULUS 


TACTILE 


LEFT     HAND 


CiNTAC  T  OF 

/ymmnfe  um  stop 


OBJECT 


imMc  STOP 


DgTSKr    AcnON 


NONE 


free  u/ihduh££c 


STIMULUS 


sur  cmTAii 


YMIATI6V  OF 
FOI^CE  AND 

HouneNt 


v/eHArio/i/ 
rone 


/:MrAi:r 


£A/rcR/»e  CATCH 


RIGHT    HAND 


W^KAL  P£eo 

HADIMl/ai.  eVAHf 


OBJECT 


LATS/IAC    F£ez> 
UAmuHESi' 

e/TAMf 


eiMOiA/i-  /mrioN 


STIMULUS 


5t.lF 
CiNTAer 


iDA/TAer 
FOffA/T 


mtPFAi/A/s- 
PTressam 
Ane  FA/res 


t/A//OUI/££, 


'/-    CA-AV/f 


MAA'a^ffAZ    iiTAA/Y 


mir/AL  gAvrAur 

OF     nOL    WIFA 

k/o/f/r 


AV/>  FA/fe£ 


F£FI>    ,1FU(.Te/! 


posmi^e  STOP 


PesiTiv£   sror 


WJf  /■.ll/TAeT' 


IP  ajjA/r^efj 


FJi/riu 


scip 

eOAIFAeT 


V/e^ATIdV, 


C'tCAfT  NOiZiS 


i/IB/TATieU  ^ 

FO^tg 


ra/ree 


MEANING 


CONDITION 


S/ET  ro  'z" 


pos/r/oAf 
aAfrmiKU^ 
AMWSrsrap 


CA/T/f/Aa£ 
AeAi/vsr  STOP 


CA/fP/A^C 
BOU/VF- 


TOOL,  m  COAIFACT 


ACTION 


e/A/o 

CAfifflAGE 


Ari^An"i'  TOOL. 
ro  M/f/( 


SHEET_^_OF. 


MANIPULATIVE 


LEFT     HAND 


IIV/£XINaSTI)P 


Ff<CAi:£(> 


/-.Mliitai 

poh/£rfi' FF£r> 


/VOM/FDP 

cmr/Ne- 

/^CFION 


OBJECT 


l/V£AMS  .■TTOF 


mtXJVm  STTIP 


a)AI4/n/MM/  /E£Xt 
//A//nM>/££/. 
/Z/l'/IAJ/f 


F£^/i 

I^AA/£M/££}L 
C/T'^VA' 


F££^0 

I^Af/£hAME-£L 
CffAA/zr 


DESCRIPTION 


Afa7/^F£   c-c 


APPi.r  roAKF 


RIGHT  HAND 


tATCP/l/,  F££fi 

HA/roiifpe££ 


LAT£f7AL  P£S/> 
PAPeUP££'' 

e./TA/VA' 


OBJECT 


£A/i-p/A/:^ 

BW£>£^A? 


i/MDma/.  t-jrAP/r 


DESCRIPTION 


TOurmTjAi.  Fee'' 

MAA/Ok/P£JFi- 
CPAPP 


/j'l>rA7£ 
f/AA/r:UP££C  C  C 


ro  £A/r^/Ag£ 

0/A/7)££t 


ro   £ArE/s'AL  FElM 
HAAI/)UHE££ 
C/fAAT/r 


P4/V£>u/P£££      p-arATF 
UPAAI/f  gi,A/wrti//S£ 


A-JMSf  -Fiv£ 
F£fii  a/etrrsp 


COAPSi  -  PT/UF 
FF£/>S£i£'^'>P 


n££>  £NSAei/» 

/sf£/r 


AOA^PNr 
f/0//l-F 


MACHINE 


DESCRIPTION 


/2/P*^    Tip/rpr 
TK'iiieVSF  ^APP'Aa£ 
FA  ijSrr  /liSAPVST 

Pnup 


pe/jo  TPPA-ET 
ASil'PSr   STOP 


T>   CMlfS£    F/P£ 
F£££>  S£££CFO/f 


ptrpTF £./:.  T" 
/,£FT  Pasir/AP 


T'  aATFFAL  F££i> 


/•UU.  l^f 


ro  eoouf/F 
A/t)£ZA£ 


AaWST  M£Xi£ 
TO  0//f£C'T 

ioDijiArr  OP  ri>/)i. 


0/A/D    M/tpiAS£ 
//V    TPAV£/n£ 


Aorp//e£   r-op/v 
Fooi.  7-0    wa/f/r 


SSF  F£££i    TO   Ffn£ 


/:,OMff£Pl!£   i.AT£Pilc 

FfH/FP  Fe£Z> 


4.  COPJAcr    s-lfASP 
*/tMC'  CtiSe^AfD,  £SrmA1^  DATA 


if/T  AOiit^   »n<F 


i 


TOTAL  ACTIVITY  CHART 


SHEET  _L_OF_ 


liJ 


VISUAL 


OBJECT         STIMULUS 


?z*- 


9JVJ- 


970- 


9Te— 


AUDITORY 


SOURCE 


STIMULUS 


TACTILE 


LEFT   HAND 


/tfa— 


\">» 


OBJECT 


STIMULUS 


RIGHT    HAND 


^e 


OBJECT 


STIMULUS 


/.even 


MEANING 


i      CONDITION  ACTION 


MANIPULATIVE 


LEFT  HAND 


OBJECT 


DESCRIPTION 


RIGHT    HAND 


OBJECT 


DESCRIPTION 


jL£y£^/f 


APP/.Y  Tnue^ 


MACHINE 


UJ 


DESCRIPTION 


± 


»  covr/ier  o^asp 


\  C^'^l 


i 


TOTAL  ACTIVITY  CHART 


UJ 

I- 


VISUAL 


OBECT 


STIMULUS 


Mof^Me/i/r^-  PIS 


AUDITORY 


SOURCE 


/r/o/v    ICf£tA  711/^ 


eAMiA^r /}mi>-     coeArion 


To    Wof^U 


STIMULUS 


:2££A 


Lsi^rion 


HorATioft 


r  \j  ^Ai  i<v&   nfii 


TACTILE 


LEFT    HAND 


OBJECT 


corriA/^  A(^r/o/i 


^a/vf/ri/p/AfA  I 


STIMULUS 


SI//',  ti>A/rAii?r 


RIGHT  HAND 


<r<^ 


4c  \^9i/A/fe 


OBJECT 


Ci/TT/A/^  Al^riBN 


CftA/VK 


A/OiUe 


4'! 


<<: 


<-^ 


BIN0/AI4  AiT/eN 


cevcn 


STIMULUS 


n/Mi/fAVm  ^  ^o' 


f/jfaciff-i  eay,^ 


A/^,  ^W<  ',r 


reefer  /npfAiiv^ 


IB^K/A/f  ^  e/l<M£T 
STOP 


(11     ff^txer^  Cwi<iU(^       f/s^Ani   g 


VAK/ATh 


MEANING 


CONDITION 


r/Hf/?/Aitf-  f'/tti. 


rvmi'^  /Kiw.» 


ACTION 


/'/rat  Br  /MA//> 


/f-jr/AAt:  r  a  v.-i 
I'A/flf/AitC 


ro/f/m 


scr  ivott/n/c 

61"' 


SHEET  _:^0F^^ 


MANIPULATIVE 


LEFT  HAND 


OBJECT 


IfiA/S/rtB/NAL 

re^o  //AMD- 
wHeei  <'Vaii/k 


iDNfirUDINAL 
FfCD    HAMO 
lur/££l    (^fAflU 


rci^flfr 


DESCRIPTION 


J?£>7'A7r  -yl^w^Y 


7T=   iOAr^'fl/O/MAi 


r^oFAte   c 


RIGHT   HAND 


r»  iiic>exim$ 


flei-P    MOSA 


^' 


OBJECT 


rreo  t*ff4ff£  t-rtst 


/^££D  ^AMa 


//AADW^eSl. 
/TXA/ilK 


DESCRIPTION 


70  STVIKe  LCY^^ 


TO CAreKAt  "'■"> 
/fAA/a  w'/eec 


^oTAre  iioiviv 


-^orA7£    //Avo- 

uj//££  <r  c 


i:ax)!/a(£ 


Tutter  /Aiiici 
iNt  i£re/i 


7V/rA£  ^M^w^    rcii.  *u»£V«r 


70  i-Aff/A^e  ff//voe{ 


fcLc  aar 


TO  StfuA/^  TVK 

f£r  i/toe-tim  leifrii 


MACHINE 


DESCRIPTION 


e>IS£NgAif  POAfK  Feeo 


FCeD  Tooiie^e'T  oiAi 


F£'£7>  TOOLAAIO  ser 


neTKAcr    TUKxer 


rpee  fAifitiAse 


TPAVeK^^e   TuKRETT^n 


//voer   TvpfiBT- 


LJ 


V^A-  faaf'     4*  *^' 


{ 


I 


TOTAL  ACTIVITY  CHART 


UJ 


VISUAL 


OBJECT 


ei/Tffr  Tool, 


'J"  aA/ 
3Tep 


aumrr 


caouhtr  FiiW 


STIMULUS 


/Laii/ir/ofj 


roF 


WaffK 


FM4i,  PoS/r/M^ 


/3fO- 


Of  root.  /TJS^riife 
re  ii^a/r/f4.  /W/vf- 

TO    OeoCAf/T 
A/OZZlL£^  A^^ 

MfveMiOvr^  FJ/VAi. 
fos/noM  OF 
el7o^A^/r  sr/f£Al 


et/rTW6 


5/Z£.  SH^FiS,  fA  Tf 

or  /^loye/^e/rr  OF 
e-M^F^AATifF  TO 

Tooi,  ALfi  r/ie 
/r£.riii.ri/je-  SHAP£ 

*  SI/l?FAe£  F/AIISli 
OF  UOff/fF/£iT£  S, 
ItoOJLAMT    F/LaifJ 


AUDITORY 


SOURCE 


if  oifuffrriy/. 


STIMULUS 


TACTILE 


LEFT    HAND 


OBJECT 


t^ONt 


oerefir  Aerm/v 


eovr^iT  OF 
CAH'ir'Aif  u/rH 
STOP 


f}f^£>  MAVOk/l/BF/i. 


eao/^Mtr  a'<>zz/^- 


A/a/V£ 


e.i/rTi*//i  AenoAi 


STIMULUS 


MAIflATioU  OF 
Fi>frC£  ANO 

Moire^f^eNF 


viBPA  r/oki 
FOPe/^ 


anAaAiT- 

Si./P 

pa/ri-£r 


i/yenAT/uh' 
AA/£>  rapde 


RIGHT  HAND 


JiATEf/IL    F££7) 


OBJECT 


HAN0k/PS£O 


e.PAV/< 


^AF''  *'r  eM££/r 


3iA/£'Wff^   Ai;r/oA/ 


/iATF^Al.    F.F^-i' 


/Nir/AL   ao<vrAer 

6F   no/.  WITH 


A4777/V*  46T/ON 


STIMULUS 


£aA/T4e  r 

61,/P 


ao'^TAfr 

S/./P 


eoivTA^T 
si.'r 
FOP/rr 


FPFSJOFF 

AA/£i  Fapeir 


i^nA/T/ier,  Si  'F 

FO/ff£ 1 


vie/TAr/oA/ 
A/I/O  F^me^ 


f/ffPAT/Of^  St 
FOA-Hi' 


MEANING 


CONDITION 


//VO£X//V£  sroF 
SFT     TO  "3" 


CAPA-'lop 


PDC/V/> 


ACTION 


pas/r/o/y 
eAP/r/zio^ 
ASAz/vsr 
srap 


CAPP'A>!/r 


/■)^     7,' 


SHEET  .9_0F^l_ 


MANIPULATIVE 


LEFT   HAND 


T£- 


OBJECT 


WO£llMa- 
STOP 


F££Z> 
»*f/£U/H££i. 


££££> 

PAV£^/U££/. 
CPAVK 


eooZ-AA/r 
A/eZiLur 


i4rFP/i/_ 

££££> 

U4A/£>Ufl£f/. 


DESCRIPTION 


ro  /A/o£f//^if. 
SFOP 


/fOTATS    ST  IF    TO 

PUT   sroF  ■■^^• 

/A/    PeSIT//M 


TO  i.0Vi/ri/£>/A//H. 
F£j£/1   »A4/ay»££ji. 
CPAVX 


POTAT£       Ca 


APPi.r  foPtiT 


Tf  aoe/iApr 
»OZZ/.£' 


Aoyvsr  Pi>s/r."w 
r.'  £>/p^ir  Fijou 
DF    eaoi./iii/rai^ 

TOOL, 


7  0     I.ATPP4/. 
F££D   H4AJ£>U/F££l 


/:'07AT£ 

i-.i.oe/i'wisc' 


RIGHT  HAND 


€A^^//HS  a/*'fi£-^ 


OBJECT 


lATPPAi. 

FS£P 

PAPDt^«£Pi- 


H4mk/F£-££. 
r.PA»/P 


HAA/OUWJ-.' 
CffAUX 


P4A//>li/4/£Bi. 
e.P4/iK 


aAPP/Aae- 
e/AZ/urp 


PAVC>Wlt£££ 
i:irAK/< 


HAA/£lhrF££l. 


DESCRIPTION 


ro    i.AT£FAi. 
FP£/>    P/IVOWH££l 


Pot  ATP 
eCOeATh'/S/!:' 


APVANCF   CuTtFF    Toti. 


TO    CAPPMO-P' 
0/A//>PP 


T'  /LATXP/IL  P££~P 
MAA/£>t*/^££'£ 
£PA-AtK 


PO  TA  T£ 

etocpuT/sP 


H4PDWP££T- 
CPA  \p 


PerTAT£ 
fZA/^Ok/P££^i.  £ 


*  '^f>4TrA<-r  "/^ajp 


MACHINE 


DESCRIPTION 


TPAf£fS£  CAPP/M£ 
7t>  £.£FT  A'^/^INST 
ST»P 


P'//£>     CAPP/A  A£- 


POUD      SAPP/A  lt£ 
AS-A'Vsr      SFOF' 


p£S/)     CUTOFF     TOa^ 


F££/>     ei/roFF  TlOii. 


UJ£S1 


/ 


TOTAL  ACTIVITY  CHART 


SHFFT  '"  OF  /^ 

UJ 

1  _ 

VISUAL 

AUDITORY 

TACTILE 

MEANING 

MANIPULATIVE 

MACHINE 

UJ 

1- 

LEFT    HAND 

RIGHT  HAND 

LEFT  HAND          | 

RIGHT   HAND 

I— 

s 

OBJECT 

STIMULUS 

z 

SOURCE 

STIMULUS 

J 

OBJECT 

STIMULUS 

i 

OBJECT 

STIMULUS 

1 

CONDITION 

ACTION 

\ 

OBJECT 

DESCRIPTION  1 

o 

z 

OBJECT 

DESCRIPTION 

DESCRIPTION 

I370- 

p    <. 

=t>J/  r/atv  KeiAriv£ 
re  WOfn:  MMc/IICftr 
e  PoiiriOH  or 
coal  AN  r  ^r fie  AM 

"7 

<iC 

HAMPWHeet 

CfAVA 

31 /p  cofimcr  ■ 
fonce 

\i 

//^ir/AL  et/r 
CoiyiPLirf 

c/^A^r£ff  rifoc. 

u 

f/AA/Lity/fi'fL 
CHAA/A 

AforAf^  c  c 

RCTAACT    run  ACT    i 
ADIAAAX'A  At'CAP  Too/. 
PO:>r 

A/OAC 

A,^m 

HL 

re 

ro   COOLANT 

/voziLe 

AoJU>  r  pr>5irto^ 

ro  o/necr  rion 

of  CCOIANTON 
CHAHfeff 

fC 

CaoCAA/r  A/ozzie 

■iiip  foA/TAcr 
rojpire 

s 
a 

COOLAAir 
AtOZZLf 

r 

w/rfAi  coAirAcr 

of  TOOL  iV/rH 
tA/O/IX 

V/BKA  rio/v 
£  rof^ce 

U 

MANDVineeL 
CHAfl/l 

norATtr  C'C 

iLOWlY 

AD^AW£  C»AAI/=e» 
TOOL    To    \A/OffH 

K 

c 

ci/rr/A/o  ACTion 

i'//3/fA/-iaAi 
af  Po/fce 

T 

f£fO  Taoi. 

U 

HAMWHeec 

CVAVH 

noTArece 

f£'£^o  root  wro 

IVOFIH 

M 

R 
p 

"4  "  CLIP 

po5irioN  geiArive 
ro  rireo  mo^x, 

r 

A/0/V£ 

/^o/vc 

RL 

re 

TO  LATe/lAL  PffD 
HAA/DlVt/CtL 

A/aA/e 

Hoi\/e 

re 

ro  i.AT£KAi  reeo 

f)AA/DA'»f£L 

SC 

rfco  /■/AA/ntvwa 

0 

reep  UAf/jmntti 

4<: 
c 

curr/ATi^  AicT/oAi 

y/B/rAT/o/u,e   - 

u 

ffCO  »AMO 

\A/H£CL 

iroTATC   C-C 

reel'  CHAMreftmt  root  mro 

PA-fZ)  tr/AAAfPeA!'/f/0 
rOOC   irtro   lArffflM  g 

scrpiAC   ro"4" 

c 

i      curriN<! 
A  criohi 

ymf-AT/OAIS 

a 

lAreKAi  Aceo 

fYA»0  IVf/£ft 

AforAre  c-c 

-//feo 

-I1/0 

-Itfu 

Af 

I 

/VO/V^ 

f^one 

K 

TVOL 

/lOMA/C^ 
CCrOFF 

re 

//AA/on//ecL 

CHAAIH 

$c 

HAMOWHCfL 
C/lAAfU 

j^./p  eoAtMci  - 

FOAiCe 

6 

HAA/0\AJH££L 
CffAnH 

ROTATe  VAPIOLi 

c 

ADVAA/ce    rc/fAie  r 

J 

A/OA/S 

A/OA/e 

aL 
re 

To   COOt.AA/r 

A/OZZLe 

P 

CuTorr  TKoi 

MoveMeur  £ 
fv^^irion  nei*Tive 

TO  WORK  £ 
MAAIO  ro  COOiAf/ 
A»f/V/"^  PO-ilTION 

Oh  Coolant 

/VOZZL£ 

( 

<? 

C     COOLANT  A/e/^ic 



COOLANT 
MOZZL  £ 

ADJUiT  Pour/on 

ro  D/ftec  r  fiov^ 

OF  COOLANT  OA/ 
CHAAAFE  f) 

/ 


TOTAL  ACTIVITY  CHART 


VISUAL 


r 


/Me. 


OBJECT 


/./frgpii  F///. 

ftl£/Tl>M£Tli>r 


e-i/rriA/d- 


STIMULUS 


AUDITORY 


f'S/non/  ^/m 


/./>/: A  ne/v 


/Sfo-    ^ 


P. 


SrV^M  A-MD  s/ze, 
5//Aff  ,4i/l>  /iITi  OF 

Mnwi/rof  SMiP 
/TdPiTive  TV  roo/i 
/l/Lso  r//e  fsunnrs 

SVAFE  4/fe  F'/AI/Sr/ 

OF  uamFV<i£ 
A/fo  a.pac/iA/r 


ecFrriA/g 
Acne» 


SOURCE 


/^NT£-T//Va 
CATCH 


/^ey^MSfr  Ave 

re  rifio  /Nee' 


/'ifs/r/d/t  enDiAfr 

Sr/j'^/^  AUP  S/Z£, 

SVAP/4-  /fAn  or 
/^irtHer/rorsM/p 

/SZAT/I/F  TO  TMl.  /iiSC 

r//£  ff'SJvi.Ti/i/e- 

SVAPSA  F//V/M  'P 
t'/DP/i'Pie/:^  A^/i^ 
/;aa/.A^r  Piok/ 


eoAfSf-pz/i/e 

FP£P 

fcitrrr/iif 


etfm/\re 
4eT/tf 


"F///F  ■■  AHP 


S££  BOTTt/i   >f  H 
TTICT/lt   /■BLl'/tft 


STIMULUS 


SHEET. 


.OF.^ 


TACTILE 


LEFT    HAND 


/LAT£^PAC  r/r£» 
HA/l//>^//ff£t, 


OBJECT 


A/tve 


//v/r/A/.  ca/\/rA£T 

OF  TffOi,    t^/T» 
li/l"f/\ 


J 


STIMULUS 


VIB/fA  Tid// 

At/D  Fu/r/ur 


/^MFACr 

ro/?/:£- 


CffA/TArr 

sap 
Foifee 


RIGHT  HAND 


OBJECT 


/n/'T/A/.  iMTACT 
Up  Title.  M/T// 
U/i/^K 


PU/A/es^  Af.r/a//^ 
FisrriKF  JTor 


ci/Trit\/& 
Acnor^ 


A/o/V/T 


STIMULUS 


v'e/;AT/iiA/ 
A/VD  Fopns 


y/B/TATHM 
AA//>  Fa/ftlC^ 


/ia4  {//-Sl/A/^STtUUIS: 

Pa.',  /ne/j  coo/Ah/T 
SrireAHit  SiTt,  /fA7i, 
(%,  S/^AZ-FSb  PATF 
SF  /^OVpAJL/zr  OF 
CH/P  lei^TimTa 

TOOL    4/,^t>  T//£ 
/f£SM7/A/6  S/ZAPPS: 
SupFAOr  F/A//S//  DP 

u/ap/fP/eee  aa/^> 
Caa/jf/^r  f/.au 


MEANING 


CONDITION 


TOtl^  APP/faACP/A/a 

w/>Ar/< 


Tf/v.  //)/  /"OA/FAirr 


Piih//s:p  FA:e/> 
SA/OAfZ^/O 


ACTION 


z>awA/ 


/r/V&Ag£^ 


piAA//r^/r 
ei/rr/A/a 
ACr/o/\/ 


MANIPULATIVE 


LEFT  HAND 


OBJECT 


lATSTfAL 

F/FFZ) 

HAfJDIf/HHEL. 


d/>0/.fl/<  r 


RIGHT  HAND 


DESCRIPTION    i 


rn  /iATC-^Al 

F/Eep 

UA/JPS^HFEt.. 


TO     COOlAA/  7 
A/OZZ/ir 


AMJi/ST  pis/r/aAf 
Te  £i/ret;T  f/lzw 
tp  coozAvr  ff/J 
CHAMFf^ 


OBJECT 


DESCRIPTION 


M/^DU/^pe/i 
C/^AA/K 


/poTATe  Jiyiuzr 


FekDzvSAsm 
Aefz/r  _ 


Tff    /^ATFTfA/. 

F'z'Fj'  z7/eAe///a 
/wi'syr 


fV/JL    VP   POt/EP 


n  /rszjt/£D 
pa.s/T/a/\/ 


p/>p-  ri>oz    To 
ivrt/FF  P//S^i:£' 


MACHINE 


DESCRIPTION 


UJ 

I- 


APYAt/eP    CvraPP 


-/f/d 


-'^Zi 


St/^A/^f   P££Z> 


^ 


ijirprA/. 
FEt'O 

/JAiynn/z/^ec 


TD    Z^TifrAi. 
/^/^/t>  /fA/*£UI//l£l^ 


/>ppi.r    Toi/e// 


-/^id 


-'iVi 


/US'i 


»    CmTACr     S/?ASF' 


/ 


TOTAL 

.  ACTIVITY  CHART 

SHEET  '^  OF  >^ 

UJ 

1-   ■ 

VISUAL 

AUDITORY 

TACTILE 

MEANING 

MANIPULATIVE 

MACHINE 

UJ 

1- 

LEFT    HAND 

RIGHT  HAND 

LEFT 

HAND 

RIGHT  HAND 

i 

OBJECT 

STIMULUS 

z 

SOURCE 

STIMULUS 

1       OBJECT 

STIMULUS 

Z 

OBJECT 

STIMULUS 

1     CONDITION 

ACTION 

T 

s 

OBJECT 

DESCRIPTION 

o 

1 

OBJECT 

DESCRIPTION 

DESCRIPTION 

/t,i,c. 

- 

_/<i/ 

/i7o- 

/Jl!A/£ 

/^DA//r 

- 

TO     Cflfizj^/jr 

-/i7t 

- 

a. 

or  £.l>i)o/l^/^ 

/i?ii- 

- 

-U9t 

i7iii- 

- 

-/7f 

i7't>- 

- 

— y7/d 

/7Jr/)- 

- 

-/;» 

- 

-/^Ja 

- 

-/740 

/TfO- 

- 

-jyji 

/7/0- 

- 

-/7^<, 

< 

/77»- 

\ 

- 

-/77e 

///» 

- 

\ 

\ 

- 

-/-%> 

fTJio 

- 

- 

-/^'a 

/Tdt 

- 

//*3 

/ 


TOTAL  ACTIVITY  CHART 


' 

SHEET 

13    OF  '3 

UJ 

VISUAL 

AUDITORY 

TACTILE 

MEANING 

MANIPULATIVE 

MACHINE 

llJ 

LEFT 

HAND 

RIGHT        HAND          | 

LEFT 

HAND 

RIGHT 

Hand 

m 

OBJECT 

STIIVIULUS 

SOURCE 

STIMULUS 

m 

OBJECT 

STIMULUS 

>- 

OBJECT 

STIMULUS 

5 

1     CONDITION 

ACTION 

i 

s 

OBJECT 

DESCRIPTION 

in 

OBJECT 

DESCRIPTION 

DESCRIPTION 

///*- 

- 

-/}/t 

/tt'- 

- 

-//i 

/fj>- 

/ffa_ 

M 

- 

Y    Curorr 
coMPiereo 

DiseAicAef  ' 

/i      t 

LtCAT/aV 

r 

/^of^e' 

fJOA/S 

TS 

r£ 

MV 

F 

6roP 

FVSH    Dot//Y 

a/S£-i/ir,4e£ 

T 

co/vrAcror 
posir/vs  370P 

rnao 

/fsrffAcr 

r^£D  J/Dcn 
£  /P£/'£^Ar 

UVjST! 

/ra- 

- 

-/Uo 

fS7t- 

- 

■ 

-/f?ll 

//w- 

- 

-/?ro 

/r^o- 

- 

-//^ 

/9W— 

- 

-/9'i! 

if/o- 

■ 

-  /^/l 

/^e- 

- 

-/9Zi 

'IBn. 

- 

-/"^ 

m»- 

' 

-/*)o 

af" 

- 

■/artf 

i 
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